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The Climate of Mt Wilhelm 

PREFACE 
In 1966, the Australian National University with assistance 
from the Bernice P. Bishop Museum, Hawaii, established a field station 
beside the lower Pindaunde Lake at an altitude of 3480 m on the south-
east flank of Mt Wilhelm, the highest point in Papua New Guinea. The 
field station has been used by a number of workers in the natural 
sciences, many of whose publications are referred to later in this 
work. The present volume arises from observations made by three 
botanists and their collaborators when members of the Department of 
Biogeography and Geomorphology, during the course of their work on 
Mt Wilhelm while based on the ANU field station. It is the second in 
the Departmental series describing the environment and biota of the 
mountain, and will be followed by others dealing with different aspects 
of its natural history. 
I am grateful to Dr Roger Barry of the Institute for Arctic and 
Alpine Research, Boulder, Colorado, for advice and careful reading of 
the manuscript. 
v 
Nigel Wace 
( Editor ) 

CONTENTS 
L I ST OF F I GURES 
L I  ST OF PLATES 
L I ST OF TABLES  
L I ST OF  APPEN D I XES 
I NTRODUCT ION 
Eq uator i a l  mo un ta i n c l i ma te s  
Mt  l� i l he l m  
The  reg i on a l  c l imate o n  M t  W i l h e l m 
The  data 
PREC I P I TATI ON , RUNOF F  AND EVAPOTRANSP I RAT I ON 
Ra i n fa l l 
S now a n d  ha i l  
Runoff a nd  l a ke  l eve l s 
Evapotrans p i ra t i on 
Re l a t i ve  h umi d i ty a nd  w i nd 
RAD IAT I ON AND TEMPERATUR E  
Rad i a t i on 
S creen tempera t u res  
Tempera t u res  nea r  g ro und  l eve l  
Topo therma l c l i ma te s  
Tempera tures  o n  s l o pes  of  d ifferent a s pect 
So i l and  l a k e  temp e ra t ures  
Fro s t  a n d  i ce 
COMPAR I SONS AND D I SCUS S I ON 
T he  d i ffe ren t va l leys  of Mt W i l hel m 
Compar i so n  w i t h  other reg i ons 
S ummary and conclus i ons 
REFERENCES 
APPEND I XES 
S ummaries of P i nd a unde meteorological data 
vii 
Page 
ix 
xi 
xi  
x i i i  
1 
2 
3 
4 
1 1  
1 6  
19 
20 
22 
27 
29 
33 
35 
37 
43 
43 
47 
48 
54 
57 
61 

LI ST OF F I GURES 
1 .  Ma p s  of Mt W i l he l m and New Gu i nea  
2 .  Ma p o f  P i nda unde va l l ey wi t h  meteo ro l og i ca l  s i te s  
3 . ( a )  Level  of l owe r P i nda unde  La ke , 1972 
(b ) Da i ly ra i nfa l l at P i ndaunde , 1972 
( c )  Da i l y ra i nfa l l  a t  Kund i awa , 1972 
4 . Typ i cal a ct i nogra p h  tra ces  
5 .  Th ermo i s o p l eth  fo r Para , Braz i l  
6 .  Thermoi s o p l e th fo r Framd r i ft expedi t i on ,  North  Po l a r  
Sea 
7 .  
8 .  
9 .  
1 0 . 
1 1 .  
1 2 . 
T hermo i s o p l eth  fo r P i nda unde , 1 . 5  m 
Thermo i s o p l eth  fo r Pang rango , J a va 
Thermo i sop l e th fo r E l  M i s ti , Peru  
Thermo i s o p l et h fo r P i ndaund e , 0 . 2  m 
Th ermo i s o p l et h  fo r Upper  Va  11 ey , 0 . 5  m 
Max i mum and  mi n i mum temperatu res on s l opes  of 
o p po s i ng a s pec t , P i nd aunde  
1 3 . Max and mi n tempera tu res on s l o pe s  of o p po s i ng 
a s p ec t  on  days w i t h  clo udy afternoons , P i ndaunde 
14 . Max and  m i n tempera t u re s  on slopes  of o ppos i ng 
a s pect , 4020 m 
1 5 . Max and  m i n  tempera tu res on s l opes of o p po s i ng 
a s pect , 4380 m 
1 6 . Thermo i s opleth  from nea r  R i dge  Camp ( s i te 4 )  
1 7 .  Thermo i s o p l eth  fo r Ma cq ua r i e  I s l and 
i x  
Page 
( facing ) 1 
5 
14  
28 
30 
30 
3 1  
3 1  
3 1  
3 6  
36 
40 
40 
4 1  
4 1  
5 1  
5 1  

LIST OF PLATES 
Page 
1 .  Kombu g l omambuno (site 1 )  8 
2 .  Pindaunde valley showing po sition of research station 
(site 3 )  8 
3 .  Uppe r Gurag uragug l  val l ey 17 
4 .  Snow on  Mt Wil helm s urrmit ridge as seen from fiel d 
station 17 
5. Runoff after heavy rain 1 8  
6 .  I n stall ation of evapotra ns piration lysimeter ,  Pindaunde 
( n ear site 3 )  18 
L I ST OF TABLES 
1 . Exten t of P i nda un de meteoro l ogical reco rds 
2 .  Compa r i son  between ra i nfa l l at 3480 m and at 4380 m 
3 . Ann ual rainfal l at places on  and n ear Mt W i l helm 
4 .  Rainfa l l and  PET at Kombug l omambuno and Pindaunde 
5. Summary of re l ative humidity records , Pindaunde , 1970 
6 . Mt Wil h elm , s urrmary of temperature records (4400 m ) 
7 .  Wee k l y  temperatures at four sites o f  different as pect 
and  topography , Mt Wilhelm 
8 .  C l imatic data for 8 eq uatorial mountain stations and 
Macquarie Island 
9 .  Kotilainen ' s  Index o f  Oceanicity 
xi 
6 
12  
1 3  
21 
24 
34 
38 
49 
53 

LIST OF APPEND IXES 
Page 
1. Mt Wil hel m C l imate Summary , 1965-72, Pindaunde Station 
3480 m (site 3 ) 61 
2. C l i mate s ummary 1966, P i ndaunde 62 
3. C l imate s ummary 1967, P i ndaunde  63 
4. C l i mate s ummary 1968, P i ndaunde  64 
5. C l i mate s ummary 1969, P i nda un de 65 
6. C l i mate s umma ry 1970, P i ndaunde  66 
7. C l imate s ummary 1971-72, P i ndau nde 67 
8. P i ndaund e ,  3480 m ,  temperatu re , oc, data for 1966 68 
9. P i n da unde , 3480 m ,  temperat ure , oc, data fo r 1967 69 
10. P i nda unde , 3480 m ,  temperatu re , oc, da ta fo r 1968 70 
11. P i n da unde , 3480 m ,  temperat ure , oc, data for 1969 71 
12. P i ndaund e , 3480 m ,  temperature , oc, da ta fo r 1970 72 
13. P i n da unde , 3480 m ,  temperature , oc, data for 1971 73 
14. P i nda unde , 3480 m ,  tempera tu re , oc, data for 1972 73 
15. Prec i p i t at i on , mm , data  fo r 1965-72 74 
xiii 
LJ Forest N 
.- Ridge t 
A Path 
---- Unsealed road 
• • • • • • • Foot path 
MT CARSTENZ 
National boundary 
�Main range 
Forest 
0 
MT WILHELM 
0 200 
krlometres 
l<OMANIMAMBUNO 
2710m \ 
', 
\ 
Keglsugl \ / 
airstrip _.., f 
2510m '\ r1 \ \ 
'-' � I I 
Cultivated \ \J land 
� 
kilometres to GtJmb':t 
FIGURE 1 .  The Mt Wi lhe lm region . Inset showing New Guinea with 
some major mountains and ranges . 
INTRODUCTION 
Climatic data are few for eq uatorial mountains ,  largely because  
they are u ncomfortable , economically unproductive , and u s ually 
u ninhabited except at low altitudes . For most s u ch mountains only 
short run s  of records have been kept by expedition pers onnel , and con­
s i s tent records for periods of a year or  more are rare . I n  Malesia 
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s u ch records are available for Mt Pangrango in Java ( Braak 1923-25, 
s ummar i zed  by van Steenis 1972; Troll 1961). Temperatu re data for South  
Amer i can  mounta i nou s  areas  ( Oru ro 3703 m i n  B o l i v i a ,  and  E l  Mi s t i  5850 m 
i n  Peru ) are p u blished by Troll (1959). 
EQUATORIAL MOUNTAIN CLIMATES 
Mounta i n s  exceed i ng 3000 m a l t i tude  and  l y i ng  wi t h i n ten degrees  
l a ti tude of the  equator occur  i n  Afri ca  ( Ea s t  Afri ca , E th i op i a and  
Cameroon ) South  Amer i ca  ( the  Ande s  mounta i n s  of  Co l omb i a ,  E cuador and  
north  Peru ) a nd  Ma l e s i a  ( New Gu i nea ,  Su l awes i ,  Borneo ,  J ava  and  Sumatra ) .  
Of the s e  mou n ta i n s , on l y  t ho se  of E a s t  Afri ca , E th i op i a ,  the  Andes  and  
New G u i nea  be l ong  to fa i r l y  exte n s i ve  moun ta i nous  reg i on s , the others  
be i ng  i s o l a ted vo l can i c or  p l u ton i c pea ks . 
Beca u s e  of t he i r h e i g h t  eq u a tor i a l  mounta i n s  have  fa r co l der  
c l i ma tes  t han  are  n orma l i n  t he  trop i c s , b ut  beca u s e  of  the i r l a t i tude 
they experi ence  no  wi nter or  s ummer , and  i n  s ome cases  v i rtua l l y  no  
seasons  wha tever . The i r c l i mates  are  compa ra b l e on l y  wi t h  those  of s ome 
ocean i c  i s l a nds  of the  temperate zones , for examp l e  Kergue l en and  
Macq uar i e I s l a nd . Herei n l i es one  rea s on for  t he i r con s i dera b l e b i o­
l og i c a l  i nteres t ,  s i n ce  they s u pport  b i ota wh i c h i n  many res pects  resemble 
tho se  of tempera te mou n ta i n s  and  even  a rct i c reg i ons , b u t  under  q u i te 
d i fferent cond i t i o n s . To des cr i be s uc h  an  en v i ronment  a s  a l p i ne i s ,  as 
Tro l l (1959) po i nt s  out , m i s l ead i ng  s i n ce i t  i mp l i es the ex i s tence of 
a l terna t i ng winter a nd  s ummer s e a so n s  the a b s ence  of wh i ch i n  eq uator i al 
mountains is a fact of considerable ecological importance. 
Equatorial mountain climates a re geograp h i ca l l y  varied ( and 
s ome t i me s  tempo ra l l y  var i a b l e )  d ue  ma i n l y  to d i fferences  i n  tota l and 
s ea sona l prec i p i tat i on , which are in turn affected by the intercepti on 
of reg i o na l  air movements by the mountain s .  Different mountain s in the 
same reg i on may be cli mati cally d i stinct , as  has been emphasised for 
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Java by van Steenis (1972), and for the northern Andes by Lauer and others 
(1952). In New Guinea , Mt Carstensz probab l y has a wetter c l i mate than  
Mt Wi lhel m to i ts east , whil e Mt Suck l ing further to the  southeast i s  
yet drier . Di fferent fl an ks  of the same mountai n may differ marked l y  
i n  precipitation and presumabl y  a l so  in c l o ud i nes s  and rad i ati on ,  a s  ha s 
been demonstrated by Coe (1967) fo r Mt Kenya , and  Sc hm i d t  (1952) for the  
Columbian Andes .  
MT WILHELM 
Located at 504o•s; 145°11E, and  4 5 1 0  m above s ea l eve l , the 
s ummit of Mt Wil h e l m ma rks  the  j uncti on  of  t he  B i smarc k  Ra nge  ( ru nn i ng 
NW and ESE of the summ i t ) and  the  Sep i k-Wa hg i d i v i de ( to the  WNW) , and  
is  the  hig hest point i n  Papua  New  Gu i nea . Both  the  Bendenumbun  v a l l ey 
( by way of the Jimi , Y uat  and Se p i k R i vers ) and Imbu kum va l l ey ( by way 
of the Ramu River ) dra i n  northwards  to the B i sma rck Sea . To the s o ut h  
several small er v a l l eys l ead  v i a t he  C h i mbu  and  Wa hg i r i vers  to  t he  
Purari and s o  to  the  Gu l f  of  Papua . The  most  ea s te r l y  of  the  sou thern 
vall eys is the Pindaunde , wh i c h prov i de s  the  u s u a l  acce s s  route to 
Mt W i l he l m  and in whic h mos t  of  the meteoro l og i c a l  data were co l l e c ted 
( Figure 1). 
Though  a part of the  B i sma rck  granod i or i te ,  the  roc k of Mt W i l he l m 
is better described a s  g abbro . P l e i s tocene g l a c i a t i on h a s  scoured s teep 
val l eys , often with l a kes , and  produced a rugged scenery. So i l s  a bove 
3000 m are predom i nant l y a c i d i c  and  peaty thou g h  mu c h  bare roc k i s  
exposed e s pecia l l y  a l ong  r i dge  c res t s  and  a bove 4000 m .  La rge an i ma l s 
are rare but some sma l l b i rd s  and  rodent s  are common both  i n  and  ou t s i de 
the forests . A genera l account  o f  the  en v i ronment  of the  mou nta i n h a s  
been provided by Wade & Mcvea n (1969), w h o  a l s o  refer t o  ear l i er work . 
Man is present i n  l a rge numbers be l ow 2500 m ,  t he  u p per l i m i t of 
agricu l ture , except in the  two northern  va l l eys  and  i n  part i c u l a r  the  
Imbu kum , where human popu l a t i on s  a re sma l l .  Thou g h  u se l e s s  for a g r i c u l ­
ture , the hig her s l op es of the  mou nta i n  have  been and  a re s til l u s ed for 
h unting , affecting not on l y  a n i ma l  popu l at i ons  bu t a l s o  the vegetati on . 
The natural forest limit is said to lie at 3800-3900 m (Smith,1975) and 
be l ow this l eve l  the on l y  natura l l y  unfore sted s i te s  are roc ky or 
precipitou s p l aces , l ands l i ps ,  and  the  very poorl y-drai ned and  often 
frosted val l ey bottoms . By repea ted fi res  these  smal l a reas of herbaceous  
vegetation have been progressive l y  en l arged at the expen se  of forest , 
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s o  that  the  natural u pper  fores t  li mi t can  only be s een  today i n  the 
Imbu kum valley . E l s ewhere tu s soc k or  s hort g ra s sland extend s  over mos t  
o f  the  area a bove  3500 m ,  t he  fo re s t  be i ng repre sented by sma l l t h i ckets  
and  i s ola ted trees  often  i n  t he  les s  acces s i ble place s before becomi ng 
cont i nuous  below 3200 m .  
Between 1 965  and  1974 a sma l l res earch  s tat i on  wa s ma i nta i ned a t  
3480 m n e a r  t h e  lower of the  two P i ndau nde l a ke s  by t h e  Department of 
B i ogeogra p hy and Geomorp ho l ogy of  the Au s tra l i a n Nat i ona l U n i vers i ty .  
I t  i s  h ere t hat  mos t  researc h ha s been b a sed , p u b l i s hed wo rk  i n clud i ng 
de s c r i p t i o n s  of  vegetat i on  types  ( Wade & Mcvea n , 1 9 69 ; Wa l ker , 1 968 ) , 
a c h e c k l i s t of  v a s c ula r p l a nt  s p ec i e s  ( Jo h n s  and  S teven s , 1 9 7 1 ) ,  a n  
account  of vegetat i on h i s tory ( Hope , 1 9 73 ) , two papers  on wea ther  
( McVea n , 1 968  and  19 74) and origins and ecology of the non-forest 
ang i o s pe rm f l o ra ( J . M . B . Smi t h  1 9 74 ) . 
Pa s t  c l i ma te s  i n  the  New Gu i nea mou n ta i n s , part i cu l ar l y  i n  relat i on  
to  glac i at i on ,  h a ve  been d i s c u s sed  by  Hope  and  Peterson  ( 19 7 5 ) ,  Loffl e r  
( 1 9 7 2) and  Peterson  & H o p e  ( 1 9 7 2 ) . 
THE REGIONAL CLI MATE O F  MT WILHELM 
Loca l l y  i nd u ced a tmos p h er i c c i rc u l a t i on domi nate s  the  wea ther  of 
Mt W i lhe l m w h i l e  reg i on a l  c i rc u l a t i on determ i n e s  the separa t i on  of the  
year  i n to wet ,  d ry ,  a nd tra n s i t i onal s ea son s , a s  i t  doe s ove r  the  
rema i nder  of New  Gu i n ea . Vort i ce s  al ong  t he  i n ter-tro p i c a l  convergence  
zone a re e s s ent i a l l y  part  of t he  s u rfa ce c i rcula t i on and  ra re l y  extend 
above 3000 m ,  althoug h  t he  s o u thea s t  trade-wi nds  may penetra te i n  
mod i f i ed form north  of the  B i smarc k  Ra nge  i n  the  m i d -yea r mon t h s  
( Brookfi e l d  a nd Hart , 1 9 66 ) .  The re i s  l i tt l e i n format i on on the  u pper 
a i r s treams , w h i c h  have a con s i dera b l e i n flu ence  u pon the  wea ther  on 
Mt W i lhelm a bove  Kombu g l omambuno  ( 321 5 m ) . 1 Rad i os onde  te phi g rams s h ow 
tha t  a tempera ture i nvers i on i n  the  southea s t  trade-wi nds  r i s e s  equa­
torwards  and  li e s  a round  the  4000-4500 m level i n  the  reg i on of  Lae . 
The  per i od i c  i nflux of dry a i r  to the  u p per  slopes  of the  mou n ta i n ,  
pa rt i c ula r l y  i n  t he  d ry and  tra n s i t i ona l s e a son s , i s  p roba bly t he  result 
1 
Alti tud e s  for Mt Wi lhe lm are e s t imat e s  from nume rous anero id b arome t er 
read ing s made by J . M . B . S .  in 1971, 1972. The se d iffer slight ly from 
tho se quo t ed by Wade and McVean , 1969. Apar t from the summit mark, no 
accura t e  survey altitude data are ava ilable for Mt Wi lhe lm . 
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of subsidence of air from high altitudes, while the predominating moist 
air probabl y  resu l ts from upwe l l i ng s  i n  the Ramu v a l l ey and coa sta l  
areas to the north . Air hav i ng i ts or i g i n i n  the i nter i or Wah g i  and  
C himbu val l eys , wi l l  probabl y tend to be of i ntermed i a te h umi d i ty. 
On Mt W i l h e l m  i t  i s  po s s i b l e  to d i s t i n g u i s h  t hree  types  of d a i l y  
weather  pattern whose  d i str i buti on through  the year refl ects the reg i ona l 
wet and dry season  cyc l e. The  ' wet ' s eason (u s u a l l y  November to May ) 
is characterised by l ong  runs  of days wi th fa i r l y  steady ra i n ,  th i c k fog , 
and l ittl e ,  if a ny ,  c l ea r  s ky ,  e i t her at n i g ht or d uri ng the day . 
Du ring the ' dry ' season  (u s ua l l y  J u ne  to September or  October ) s howers 
a re frequentl y l i g ht or ab sent  and  the  s ky s ometi mes rema i n s  c l ear  
throug hout the 24 hou rs . The  th i rd weather  pattern is  common at any time 
of year . The  day begins  wi th a c l ear  s ky and often w i th g round  frost  
or  heavy dew . A broken  o r  conti nuous  c l oud stratum at about 2600  m i n  
the Bundi and  C himbu v a l l eys often extends northeast  to the coast , w i th 
the h i g her  ranges  proj ecti ng a bove i t .  Down v a l l ey pre- dawn wi nds  g i ve 
way to cal m air , fo l l owed by updra u g h t  on the val l ey wa l l s  and  c l oud  
formati on  beg i nn i ng  before 0800 hours . C l ouds  often appea r to devel op  
a bove the  r i dges bound i ng the  P i ndaunde  v a l l ey l ea v i ng  b l ue  s ky v i s i b l e  
over the centre of the v a l l ey .  Between 1 100  and 1 500 hours , i n term i t tent  
mist a nd s howers  occ u r  a t  the  l evel  of P i ndaunde  ( 3480 m ) . By s un s e t , 
c l ear i ng  beg i ns  a nd the  s ky becomes c l oud l e s s  by 2 100 hours . 
THE DATA 
The  research  s tati on on Mt W i l he l m ,  though  occu p i ed for many mon th s  
o f  each yea r  from 1 9 66 - 7 2 , h a s  never  been manned for 1 2  consecu t i ve  mon ths . 
Data a re parti cu l a r l y s c a rce for the  wette s t  part  of t he yea r , December 
I 
to February ,  bu t a u tomat i c recorder s  h ave  prov i ded some records for 
nearl y every mon th of the yea r .  
A l thou g h  s ome ob servat i on s from other  v a l l eys  a re g i ven i n  
C hapter  4, most mea s u rements  were made  a t  a n umber of s i tes i n  the  
P i ndaunde  v a l l ey or  on the  s ummi t r i dge . These  s i tes  a re l i sted be l ow 
with the type and  the dates of data co l l ection, and  the i r  l ocation s are 
s hown i n  F i g ure 2. 
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FIGURE 2 .  Pindaunde Val ley, Mt Wi lhelm .  The major 
meteoro logical sites are marked wi th circ led 
numbers . 
S i te 1 .  Kombuglomambuno, 32 1 5  m 
Meteorolog1cal 
site 
Th i s s i te i s  l oc a ted j u s t  a bove  the  P l e i s tocene termi n a l  mora i ne 
of the  P i ndaunde  v a l l ey i n  the  l owes t  tongu e  of g ra s s l and  before 
con t i n uou s  fore s t  i s  encoun tered (s ee P l a te 1 )  
S creen tempera tu re 
(Ca s e l l a  t hermograph  i n  s tanda rd 
S tevenson  s c reen ) 
Prec i p i ta t i on  
Eva potra n s p i ra t i on 
S i te  2 .  Waterfall, 3 3 70 m 
1966  
1966 - 6 7  
1 966  
Temperatu re and  h umi d i ty records  from a s c reen a t  0 . 2  m a bove 
ground  i n  tu s s o c k  g ra s s l a n d; 1970 ( Ca s e l l a  hy9rothermograp h ) 
S i te 3 .  Pindaunde, 3480 m 
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Th i s s i te ,  at the  research  s tati on , l i e s  near  the  s outheas t  s hore 
of  the  l ower Pi ndaunde  l a ke ( s ee Pl a te 2 ) . Records are  exten s i ve ,  a s  
ind i cated i n  Ta ble 1, a n d  most o f  the data a re s ummari s ed i n  the 
Append i x .  Most records were made wi th i n a sma l l enc l os u re u pon a knoll 
about  two metres h i g h  and  l ocated s ome 30 metres east of the l a ke . A 
The i s s  hygrothermograph  was u s ed i n  a S tevenson  s c reen  at 1. 5 m above 
Table 1: EXTENT OF METEOROLOGICAL RECORDS, PINDAUNDE STATION, 3480m (SITE 3) 
1965 1 966  196 7  1968 1969  1 9 70 1 9 7 1  
Screen temperatu res -- -- -
'Gra s s ' tempera tures  -- --
'Gras s '  tempera tu res on s l opes  
of oppo s i ng a s pect  
Rad i a t i on  -- I- -
Prec i p i ta t i on - I- -- -
La ke l ev e l  and tempera ture 
Potent i a l  e v a potra n s p i rat i on - - -
Re l a t i ve  h um i d i ty - - --I - -
Recorder a 
PT, ONM & GSH & RJ H ,  ow ONM & LKW RJJ RJ J GSH & JMBS LKW WH 
a 
ONM = D . N .  McVean; OW= D .  Wa lker; PT = P .  T i l ley; GS H = G . S .  Hop e ;  JMBS = J.M.B. Smi th ; LKW = L.K. Wad e ;  
RJ H = R.J. Hnat iuk; RJJ = R.J. Johns; WH = W. Hocking 
O'l 
1 9 7 2  
--
J MBS 
ground . Surface temperature s were mea sured wi th  Dobb i e  max i mum and  
m1n1mum thermometers on  top of a very s hort  g ra s s  turf . The max i mum 
thermometer wa s s haded from d i rect s o l a r  rad i a t i on by a wh i te ma son i te 
board (except i n  196 6 - 7  when the bul b wa s p l a ced j u s t  beneath  a th i n  
l ayer of s o i l ) .  Evapotra ns p i ra t i on  mea s urements  were made on f l a t  g round  
a bout 50 m north , a nd g ra s s  s hade- tempera tures (Dobb i e  max-mi n thermom­
eters ) a t  0 . 0 1 m a bove g round  on s l o pe s  of oppos i ng a s pect  on a ra ther 
l arger kno l l a bout  30 m ea s t  of the e nc l o s ure . Temperature records 
( S umner a u tomat i c recorder ) from wi t h i n screen s were ma i nta i ned  0 . 2  m 
a bove ground i n  t u s s oc k  g ra s s l a nd  200 m south  of the  enc l o s u re i n  1970 . 
S i te 4. Ridge Camp (Bivouac Gap),  4020 m 
Th i s s i te ,  a s harp  cre s t  on the  summi t path , forms part  of the  
Boguno l to R i dge w h i c h  separates  the  P i ndaunde and  Guraguragug l  va l l eys  
( s ee P l a te 3 ) . 
Gra s s  s hade-tempera tures  ( S i x ' s  thermometers ) a t  0 . 0 1 m a bove  
g round  on s l opes  of oppos i ng a s pect  : 1972  
Tempera ture records from a s creen a t  0 . 2  m above  g round  l eve l  on  
north s i de of  r i dge  : 1970 . 
S i te 5 .  Wilhe lm Trail, 42 30 m 
An open  roc ky s l ope  expo sed to the  ea s t  and  north  and  overl ook i ng 
the u p per  Pi ndaunde  v a l l ey .  Tempera ture and  h umi d i ty records ( Ca s e l l a  
hygro thermog ra p h  and  S i x ' s  thermome ter ) i n  s creen ma i nta i ned 0 . 2  m a bove 
g round  : 1 9 70 . 
S i te 6 .  Upper va l ley, �· 4300 m 
Th i s  s i te i s  a sma l l ba s i n - l i ke v a l l ey form i n g  the  source of the  
Pi ndau nde s tream on the  eas tern s i de of  the  s ummi t r i dg e . 
S hade  temperatu res ( S umner  thermogra p h ) i n  tu s sock  gras s l and  
near  the va l l ey bottom . Mea s urements  were made  a t  " canopy "  heig h t  
( 0 . 5  m )  a n d  " be l ow canopy"  ( 0 . 1 7  m )  a bove ground  l ev e l . S creen temper­
atures  and  humi d i ty ( Ca s e l l a  hyg rothermogra p h  and  S i x ' s  thermometer )  
were a l so  mea s ured i n  tu s s o c k  g ra s s l and  about  50  m a bove the  va l l ey bottom 
( 0 . 3  m a bov e g round ) ,  a nd on va l l ey wa l l s  of oppo s i n g  a s pect  b u t  s i mi l ar 
vegeta t i on ( 0 . 3 m a bove g round ) .  A l l t hese  mea s uremen ts were made  i n  
1970 . 
S i te 7 .  Saddle Camp, 4380 m 
A ra i nguage  mea s ur i ng  u p  to 76 . 2  mm ( 30 i n )  wa s l oca ted on the  
side of a small crag i mmed i a te l y north  of the  camps i te on th e  summi t 
pa th  and  over l ooki ng Upper va l l ey .  'Gra s s' s h ade- tempera tures (Six's 
thermometers ) a t  0 . 01 m a bove ground  on s l opes  of oppo s i n g  a s pect  were 
measured at the s ame a l t i tude a bou t  300 m wes t  of  the camp s i te a s tr i de  
a co l  of the  mai n sunmi t r i dge . 
Prec i p i ta t i on 1966 - 6 7 , 1970 , 197 1 , 1972 
Tempera ture 197 2 
7 
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PLATE 1 .  Kombuglomambuno (site 1 ) ,  lower Pindaunde Valley. Tall tree­
ferns (Cyathea atrox) in the foreground are about 2. 5 m high. 
(Photo J. M. B . Smith, 1 9?2) 
PLATE 2. Outflow of the Lower Pindaunde Lake . The A . N . U . Field 
Station (below) and Chimbu Council Rest House (above). The 
main meteorological site (no. 3)  is to the right of the Field 
Station building, where the Stevenson screen is visible. 
(Photo J. M. B.  Smith, 1 9?2) 
S i te 8. Swnmit Ridge , 4400 m 
9 
Th i s  s i te i s  on a sma l l l eve l  area of g round  wi th  l ow cryptogami c 
vegeta t i on on  the  southwes t f l a n k  of the  ma i n  s ummi t r i dge , where a 
Sumner automa t i c thermogra ph wa s l oca ted . The s i te i s  a t  the  bottom 
of a g l ac i a l l y  s coured depre s s i on 1 . 5 -2 . 0  m deep .  The s i de wa l l s  a re 
near l y verti ca l , b l a c k  and  about  f i ve  metres apart . The  temperature 
sensors were cyl i nders  0 . 1 5  m l on g  wh i c h were he l d verti ca l l y  i n  
l ouvred s creen s . The l ower one  mea s u red temperatures between 0 . 1 m 
and  0 . 2 5 m wh i l e  the  u pper one mea s u red then between 0 . 9  m and  1 . 05 m 
a bove ground  l eve l . 
Barometri c P res s u re 
Record s of three - hour l y barometri c p re s s ure were made i n  May and  
June 1 965  and  January 1 966  a t  P i ndaunde  ( S i te 3 ) . Unfortunate l y  the 
records a re not representab l e  i n  terms of mi l l i bars  or i n ches  of mercu ry . 
However , i t  appea rs that  the  expec ted b i moda l , d i u rn a l  os c i l l a ti on of 
a i r pres s ure i n  the tropi c s  i s  present  at P i ndaunde  as i s  a l arger s ca l e  
season a l  f l u c tu a t i on . The  J an u a ry f i g u res a re cons i s ten t l y  h i g her  than  
the May-June  f i g ures : t h i s i s  of part i cu l a r i ntere s t  i n  that  the 
revers e  s i tuat i on i s  expected ( Ri e h l , 1 9 54 ) . Fu rther mea s u rements  wou l d 
be of i n tere st  here . 
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PRECIPITATIONJ RUNOFF AND EVAPOTRANSPIRATION 
RAINFALL 
Ra i n fa l l on  the  mou n ta i n  s hows the  pronounced s i ng l e max i mum 
that  i s  found  i n  many reg i on s  of the  s o uthwes t Pac i f i c from l a te December 
to ear l y  March  ( B roo kf i e l d a n d  Hart , 1 966 ; McAl p i ne, 1 9 70 ) .  At the  
P i ndaunde S ta t i on the  c h a nge  from the  we t to the  dry season  i s  a bru p t , 
occurr i n g  a round  the  end of  May . On the  other  hand , the  return to 
wetter wea ther  l a ter i n  the year i n  gradua l  so t h at  the mont h s  of Augu s t  
t o  November may b e  c a l l ed a trans i t i ona l  s ea son . 
I t  h a s  not  been poss i b l e  to make an  accurate mea s u remen t  of the  
tota l ra i nfa l l for a ny yea r ,  s i nce ra i n gauges  have overfl owed d ur i ng 
the  we tte s t  part  of  the yea r  when they h ave been una ttended : a min i mum 
f i g ure of  2976  mm for P i ndaunde ( S i te 3 )  h a s  been g i ven by Mcvean  ( 1 968 ) . 
I n  Oc tober 1971  a non - s tandard l on g - term ra i ngauge  was  cons tructed from 
a 4-ga l l on drum wi th  a funne l  ( wi t h  e l evated l i p ) of about  6 cm d i ameter . 
Th i s  gauge  a t  3480 m accumu l a ted 7 5 50 m l  of ra i nwater between 1 3  October 
1971  and  1 6  Apri l 1 972 . The gauge  was ca l i brated for two per i ods of 
severa l wee k s  by compa r i s o n w i t h  s ta ndard ra i ngauge  record s i n  1 9 72. The 
two c a l i b ra ti on f i gures  d i ffer s l i g h t l y , and  g i ve e s t i ma tes  of ra i nfa l l 
for the  per i od mea s u red (wh i c h  i nc l uded the  wette s t  part  of the  yea r ) 
of 236 3 and  2543  mm respect i ve l y .  By add i ng each  of these  f i g u res  i n  
turn  to the tota l ra i nfa l l mea s u red between 1 September and  1 2  Oc tober 
1 9 7 1 and  between 1 7  Apri l and 31  Aug u s t  1 9 7 2 , a f i g u re i s  reached of  
ra i nfa l l a t  the P i ndaunde s ta t i on  for the  year  beg i n n i ng 1 September 1 9 7 1 
of 3354- 3537  mm . Th i s  i s  a h i g her  f i gure  than  tha t i nd i ca ted by the  
s um of month l y  mean s  ( Append i x  Tab l e 1 )  wh i ch , h oweve r , i nc l udes  very 
few wet season  records . 
The ra i nfa l l mea s u red a t  Kombu g l omambuno  ( 32 1 5 m S i te 1 )  dur i ng 
pa rts of 1 966-67 tended to be l es s  than  at P i nda unde (3480 m S i te 3 )  
excep t  dur i ng the  dry s e a s on when there was  l i tt l e d i fference o r  even a 
tenden cy for i t  to be s l i g h t l y  h i g her  ( Tab l e 4 ) . From the  fragmentary 
records , the  ra i nfa l l a t  3 2 1 5  m wa s c a l c u l a ted to be  about  2 400  mm per  
yea r .  
The  change  i n  prec i p i t at i on w i t h  a l t i tude h a s  not been con s i s tent  
from yea r  to yea r . Dur i n g  the  1 966 - 67 per i od of observa t i on , ra i n -
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Table 2: A COMPARISON BETWEEN PRECIPITATION (MM) AT PINDAUNDE 
(3480M) THE SUMMIT RIDGE OF MT WILHELM (4380M), 
FOR SOME PERIODS 1970-1972 
FROM TO S ITE 3 3480M S I TE 7 4380M B/A XlOO ( A )  ( B )  
7 I 4/70 20/ 4/70 54.4 41. 7 77 
21/ 4/70 27/ 4/70 54.3 60.2 111 
28/ 4/70 4/ 5/70 137.8 55.4 40 
5/ 5/70 9/ 5/70 49.8 32.2 65 
10/ 5/70 12/ 5/70 25.9 2 1. 1 81 
13/ 5/70 2 6/ 5/70 81. 4 65.5 80 
27/ 5/70 30/ 5/70 18.0 1 1. 9 65 
31/ 5/70 8/ 6/70 32.2 16.3 51 
9/ 6/70 15/ 6/70 47.3 44.7 95 
16/ 6/70 22/ 6/70 19.2 20.6 1 07 
23/ 6/70 29/ 6/70 1 0 
30/ 6/70 1/ 7 /70 15.0 13. 2 88 
2/ 7 /70 8/ 7 /70 19. 3 22.6 117 
9 I 7 /70 13/ 7 /70 20.4 25.4 125 
14/ 7 /70 20/ 7 /70 15.4 13.5 88 
21/ 7/70 26/ 7 /70 45.8 47.8 104 
2 7 I 7 /70 9/ 8/70 19.9 23.2 117 
10/ 8/70 13/ 8/70 1. 5 0 
14/ 8/70 24/ 8/70 16.3 1 1. 9 73 
25/ 8/70 3 1/ 8/70 38.6 24.6 64 
1/ 9/70 7/ 9/70 25.0 23.6 94 
8/ 9/70 14/ 9/70 46.2 38.6 84 
15/ 9/70 21/ 9/70 42.4 42.7 1 0 1  
22/ 9/70 28/ 9/70 22.9 33.0 1 44 
29/ 9/70 5/10/70 26.5 23. 1 87 
6/ 10/70 11/1 1/70 74.5 85.9 1 15 
12/ 10/70 18/ 11/70 97.3 539.8 555 
19/11/70 1/ 12/70 155. 1 129. 5 83 
16/ 8/71 7 I 9/7 1 78.2 62.2 80 
8/ 9/71 16/ 9/7 1 63.2 50.8 80 
17/ 9/7 1 12/10/7 1 275. 1 2 10. 5 76 
19/ 4/72 28/ 4/72 91. 4 59.4 65 
29/ 4/72 2/ 6/72 314.2 243.6 78 
3/ 6/72 8/ 6/72 0 0 
9/ 6/72 28/ 6/72 11. 2 8. 1 72 
29 I 6/72 5/ 7 /72 3.3 5.3 161 
6/ 7 /72 30/ 7 /72 139. 2 108. 7 78 
31/ 7 /72 10/ 8/72 0 0 
11/ 8/72 14/ 8/72 0 0 
15/ 8/72 19/ 8/72 1. 5 1. 8 120 
20/ 8/72 27 I 8/72 33.0 30.2 92 
28/ 8/72 1/ 9/72 30.0 16.2 54 
2/ 9/72 9/ 9/72 1 1. 2 5. 1 46 
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ga uges  at the  Sadd l e Camp ( 4380 m S i te 7 )  recorded about 10% more rain­
fa l l  than  the Pindaunde  gauge ( 3480 m S i te 3 ) . Dur i ng Apr i l -November 
1970 , abo u t  20% more ra i nfa l l wa s recorded a t  Sadd l e Camp  than a t  
P i ndaunde , from Augu s t  to October 197 1 and  from Apri l t o  September  1972, 
abo ut  2 4% l e s s  ra i nfa l l fe l l a t  the h i g h er than  a t  the  l ower s tat i on 
( Tab l e 2 ) . On the ba s i s of these  fragmentary record s , no  genera l i zat i on 
can be made abo u t  the  re l a t i o n s h i p  of ra i nfa l l to a l t i tude on the  
P i ndaunde  fl an k of  Mt W i l he l m .  
Th e P i ndaunde  v a l l ey ,  h owever , rece i ves  more ra i nfa l l th an  l ower 
porti on s of the  C h i mbu  va l l ey i n to wh i c h  i t  dra i n s .  A compa r i son  of 
mon th l y  and  tota l  ra i n fa l l for P i ndaunde  ( S i te 3 )  and  Keg l s ugl ( 25 15 m )  
i n  the  C h i mbu  v a l l ey i nd i cate s  t hat  the  former , h i g her a l t i tude s i te 
rece i ves  more per a nn um ( Tab l e  3 ) . P i ndaunde  a l s o  had  a g rea ter 
seasona l ra nge than the l a tter s i te ,  be i ng bo th  dr i e r  dur i ng the  d ry 
s e a son a nd wetter d ur i ng the  wet s e a son  than  Kegl s ugl . On the  north ­
we s t  f l a n k  of Mt W i l he l m ,  there appeared  to be a s h arp  decrease  i n  
precipita t i on from Bund i ( 1 400 m )  on the  edge of the Ramu Ri ver  v a l l ey 
to the  Sadd l e Camp ( 4380 m S i te 7 ) .  
An n u a l  ra i nfa l l f i g ures  for s urround i ng l ower a l t i tude s tat i ons  
are gi ven  i n  Ta b l e 3 for  compar i son  wi t h  t he  Mt W i l he l m ( P i ndaunde , 
S i te 3 )  f i gures . F i gure 3 compa res the  d a i l y  r a i nfa l l s  a t  P i ndaunde  
Tab le 3: ANNUAL RAINFALL AT PLACES ON AND NEAR MT WILHELM 
S I TE  ALT I TUDE  
Summit ridge  4380 
Pindaunde 34 80 
Kombuglomambuno 3215 
Keg l sugl 2510 
Kund iawa 1500 
Kerowa g i  1650 
Jimi 1800 
Bund i 1400 
POS I T I ON RELAT I V E  
TO MT W I LH ELM  SUMM I T  
1 km S E  
4 km ESE 
6 km E S E  
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45 km NW 
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FIGURE 3. Lower Pindaunde Lake levels, and corresponding rain­
fall registrations nearby at Pindaunde field station 
(site 3) , and at Kundiawa, in 19?2. 
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a nd  Kundiawa ( a l titude 1500 m )  for severa l mont h s  d ur i ng 1972 . It can  
be  seen  tha t the  Mt W i l h e l m ra i nfa l l a ppea rs  to  be l e s s  t han  a t  l ower 
a l titudes to the  north b u t  more than  to the s o u th . Du ring the  dry 
season  of 197 2  ra i ny days tended to occur  s i mu l taneou s l y  a t  P i ndaunde  
and  Kundiawa . 
Up  to 2 2  con secut i ve dry days ( defi ned a s  days wi t h  l e s s  than  
0 . 3 mm of  rain ) have  been  experienced  at  the  P i ndaunde  S ta t i on , b ut  l es s  
than  ha l f  o f  this n umber is c h a ra cteri s t i c  of d ry s pe l l s . Over 40 
con sec utive rain days have  been exper i enced dur i ng the  wet and  u p  to 
2 2  con sec ut i ve rain days dur i ng the  dry sea s on . 
Fa l l s  of u p  to 58 . 4 mm i n  24  hours  have  been recorded b u t  there 
are no records of  s horte r  per i od i n ten s i t i es . Howeve r ,  the i mpre s s i on 
of observers  i s  that  ra i n  fa l l s  a s  s howers  of l ow i nten s i ty ,  even dur i ng 
the  wet season  a n d  part i c u l a r l y so at the h i gher  l eve l s ,  a l though 
v i ol ent  s howers  do  occur . The genera l l y  l ow i ntens i ty of the ra i n fa l l 
i s  c on s i s te nt  w i t h  the  ab sence of  s h ee t  and  gu l l y  eros i on of peats and  
of the  few erod i b l e so i l s , and  w i t h  the  sma l l s i ze of a l l uv i a l fan s 
whe re s treams enter l a kes . Mud s l i de s  and  roc k  fa l l s  may occur  particu ­
l a rl y d ur i ng the  wet  s ea son w hen s u rface s o i l s  become s a tura ted . 
During on l y  2 3  days'  ob serva t i on s  a t  3 3 53  m on Mt K i naba l u 
( Borneo ) in Augus t 196 7 , the  h i ghe s t  da i l y  ra i nfa l l recorded wa s 104 mm -
near l y twice the  highes t recorded a t  Pi ndaunde  d ur i ng more than  40 
months  of observa t i on . Ra i n  of s u c h  i n ten s i ty i s  c ha rac ter i s t i c  of 
l owl and  c l i ma tes  th roughout  Ma l es i a ;  i ts a b sence  from P i nda unde  may be 
the res u l t of two fa c tors : ( a ) P i ndaunde  i s  on the ra i n - s hadow s i de of 
Mt W i l he l m  for mo i s tu re com i ng from the  Ramu va l l ey to the  north , and 
( b )  Mt W i l h e l m  i s  not  i n  the  f i r s t  ra nge of mou nta i n s  i n tercept i ng 
moi s ture from the  s o u th . 
Actua l p rec i p i ta t i on rea c h i ng the  ground may be h i gher  beneath  
vege ta tion due to in terce pt i on of m i s t  by fo l i age . At 3420 m on 
Mt S u c k l i ng du r i ng a n i gh t  of m i s t  and  l i gh t rain i n  J u l y  1972 , a n  
i mprovised  rainga uge in the  open  co l l e cted ea 2 mm of ra i n w h i l e  an 
identica l con tainer  beneath  a fo res t canopy b u t  away from obvious  d rip 
points  c o l l e c ted  1 3  mm of pre c i p i t at i on ( P .  F .  S tevens , pers . comm . , 
1973 ) .  
Loc a l  t hunders torms a re ra re on  Mt Wil h e l m a t  the  a l titude of  
the  Pinda unde S tation ( Site 3 )  and  above . Such  s torms have been  recorded 
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twice in June (1966 and 1972) and once in September (1966). Distant 
thunder is freq uen t l y  heard in the  afternoon s and  evenin g s , a nd  l ig h tning  
c a n  be  s een  after dark  on many days of the  yea r .  D i s tant  l ig h tn i ng wa s 
observed to the  e a s t  and  southea s t  a t  a l titudes l ower than  P i ndaunde  on 
48 o u t  of 1 2 5  days of observa t i ons  between  16  Apr i l and 18  September 1972 . 
Observat i on s  we re most  n ume rou s i n  the  m i dd l e mont h s  of the  yea r : there 
were 2 2  sightings in May and  13  i n  J u l y .  Noth i ng i s  known about  the  
occurrence of  e l ectr i ca l  s torms on the  other h i gh fl an ks  of Mt W i l he l m .  
SNOW AN D HAIL 
Ear l y  morn i ng s i gh t i n g s  of s now on Mt W i l he l m  ( genera l l y  above 
4000 m) have been made i n  a l l mon th s  of the  year except Oc tober , and  
December to February ( P l a te 4 ) . S i nce  t hese  records come principa l l y 
from ob serva tion s  made from the  l eve l of  the  l ower P i ndaunde  l a ke 
( 3480 m ) , they a re dependent  upon v i s i b i l i ty; for examp l e ,  whether  
b l ocking  c l ouds  a re presen t .  V i s i tors to the  s ummi t h a ve often repor ted 
seeing s now patc hes  i n  s haded p l aces  when there h ave been no s i g h ting s  
of  s now from the  s ta t i on  for many wee ks . We i nfer that  s n owfa l l s  a re 
frequent above 4000 m a nd may occ u r  a t  a l l t i me s  of the  ye ar . 
Snow seen  in situ i s  u s u a l l y  of  the  1s ago 1 ( ha rd tra n s l ucent  
pe l l e t )  type , a l though  occa s i ona l h eavy fa l l s  a re of the fl a ke type . 
Sago snow h a s  been observed  to re s u l t from a decay i ng cumu l o - n i mbu s  
'anvil' d rift i ng acro s s  the  s ummit from a t h unders torm over  t he  Ramu 
va l l ey .  I t  is possib l e  t hat  w h i l e  l i gh t  fa l l s  of s ago  snow a re not 
uncommon during the  dry season , heav i er fa l l s  of fl a ke s n ow a re more 
c haracteristic d u ring the a l mo s t  con t i nuous  precipita t i on  of the we t 
sea son .  
Snow u s u a l l y  fa l l s  on l y  above 4000 m .  Having sett l ed  i t  may 
remain unme l ted for severa l days where l oca l l y  s haded from direct  ins o­
lation by vegeta t i on  or topograp hy .  
An attempt wa s made to ca l cu l ate  the  max i mum pos sib l e time during 
which snowfa l l cou l d occ u r  at the  s umm i t r i dge ( 4400 m Site 8 ) . Li nes  
were drawn a c ross the  the rmogra ph cha rts at �C a nd 0.5°C to indicate 
the tempera ture s  at 1 . 5  m a bove g round  between  which a ny precipita t i on 
wou l d be  l ike l y  to ta ke  the  form of s l ee t .  P recipita t i on at tempe ra tures  
be l ow 0 . 5°C wou l d be as  s now on the poin t of me l ting , b u t  s til l a b l e to 
accumul a te if fa l l ing  hea vil y , a nd l i a b l e to persis t w i t h  a c l ear i ng s ky .  
1 7  
PLATE 3. Upper Guraguragugl Valley. The Bogunolto Ridge, which 
separates it from the Pindaunde Valley, is on the right sky­
line (Photo J. M. B. Smith, 19 72) 
PLATE 4. Snow on the Mt Wilhelm swrorrit ridge at 0900 a. m. , as seen 
from the Field Station (Photo R. J. Hnatiuk, August 1970) 
PLATE 5 . Runoff after heavy rain when soils 
are saturated. Looking up the valley 
above the Upper Pindaunde Lake . The 
trees by the lake are about 8 m tall . 
(Photo G. S. Hope, July 1969)  
PLATE 6.  Installation of eva:potranspiration 
lysimeter near the Field Station at 
Pindaunde. (Photo D.  N .  McVean, 
1 9 66) 
...... CX> 
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From t h i s i t  wa s ca l cu l a ted that  i n  Au g u s t  1969 , snow temperatures 
occ urred for up to 16 hours  per day , w i t h  a me an t i me of 8 hours  per 
day . The corre s pond i ng f i g u res  for December 1969 were s i m i l a r, bei ng 
1 5  and 7 hours . S l eet  temperatures  i n  Aug u s t  p re va i l ed for 1 3 - 24 hours  
per day ( mean 1 6  hours ) and i n  December for  1 2 - 2 3  hours  per day ( mean 
16  hours ) . The i nc i dence  of prec i p i ta t i on dur i ng the s e  potent i a l  snow 
and sleet  per i od s i s  not known ; ne i t he r i s  the  d i urna l d i s tr i b ut i on of 
prec i p i tat i on w h i c h  i s  i mportant s i nce l ower tempera tures  tend to occur  
a t  ni g h t . The f i g u res do  i nd i ca te , h owever ,  t hat  a s u b s tant i a l  
p roport i on o f  the  prec i p i tat i on on the  s umm i t r i dge  cou l d be rece i ved 
as  s now . 
H a i l may fa l l occa s i ona l l y  a t  nea r l y  any a l t i tude on Mt W i l he l m .  
I t  i s  ra re l y  heavy o r  pro l ong ed a t  P i nda unde , bu t fa l l s  s u ffi c i ent to 
wh i ten the  ground have  been seen there on a t  l ea s t  four occ a s i ons : ·in 
J u l y  1966 , Augu s t ,  1 969 , J u l y  1 9 70 and J u l y  1 9 7 2 . 
R U N O F F  A N D  LAKE L E VE L S  
Runoff a ppea rs  to be very fa s t ,  at l ea s t  from the  unfore s ted 
s l opes  above 3500 m ( P l a te 5 ) . Dur i ng or i mmed i a te l y  after heavy ra i n  
the m i st  may c l ear  to revea l  the  s l opes  s trea ked wi th w h i te s treams and 
torrents . 
Dur i ng f i ve month s  of 1 9 7 2  reco rds we re made da i l y  a t  0800 h r  
of  the  re l a t i ve h e i g h t  of  the  s u rface of  the  l ower P i ndaunde l a ke .  
Mea s urements we re made on a s tee l  me tre  ru l e  a ttac hed to a pos t fi rml y  
embedded i n  the  l a ke bed nea r  the  s hore . The l e vel o f  water i n  the 
l ower P i nd a unde l a ke  i s  i nf l uenced both  by l oca l ra i n  and by runoff 
from h i g her  up on Mt W i l h e l m .  Another comp l i c a t i ng factor i s  t hat  mos t 
of the  catchment dra i ns f i rs t to the  u pper l a ke , wh i ch connects wi th  
the  l ower by  a 100  m c a s cade , and  cou l d a c t  to bu ffe r the  effects  of  
ra i nfa l l upon the  l ower l a ke . S i nce s h ort- term ra i nfa l l record s a re 
not a va i l a b l e  fo r the h i g h er  a re a s  of the  ca tc hment, a comp l ete account  
of the  re l a t i ons h i p of l a ke l eve l f l uctua t i ons to ra i nfa l l cannot be 
g i ven . Th e v ar i a t i on i n  l a ke  l eve l , w h i c h  has  been mea s ured up  to 642 mm, 
can be  cons i de red i n  re l a t i on to ra i nfa l l a s  mea s u red a t  the P i nda unde 
S ta t i on a bout  30 m from the  l a ke  s hore . From F i g u re 3 i t  a ppears  t hat  
the l a ke l eve l ro se  from 0- 2 days afte r ra i nfa l l wa s recorded a t  the  
P i ndaunde S ta tion . Th e l ate J u l y  p e a k  in  l a ke l eve l  l agged  beh i nd 
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Pindaunde rainfal l  by severa l  days . Thi s cou l d  have res u l ted from no 
rainfall in the  upper  catchment  u n t i l s e vera l days after the  P i ndaunde  
rain . However  i t  i s  more l i ke l y  to have  been  the  res u l t of  the  
preceding prolonged dry s pe l l h av i ng d r i ed o ut  the  pea ty s o i l so  tha t  
much of the  ra i n  was a b sorbed by the  s o i l a n d  i t  wa s not  u n t i l l a ter 
tha t  through  f l ow occurred i n to the  l a ke . 
Va r i a tion s  i n  l eve l have  not  been mea s u red for the  other  Mt 
Wilhelm l a kes , but the fo l l ow i ng observ a t i ons  i nd i c ate tha t each l a ke 
may be d i fferent from the  others . 
On 10 Augus t 1972 , the  l eve l  of La ke Bendenumbun (35 7 2  m )  i n  the 
upper Ji m i  valley was ob served . From the  narrowne s s  of the  beach  by 
comparis on with those  of the  P i nda unde a nd Guraguragugl l a kes  i t  appeared 
that La ke  Benden umbun f l uctua te s  l e s s  th a n  these other two l a kes . The  
large a rea of La ke Bendenumbun a nd the  exten s i ve bog  u p - v a l l ey of the  
lake may tend  to buffer the  degree of l a ke l eve l  c h ange i n  response  to  
precipita tion . By contra s t , the  very s ma l l La ke B andenumbun  a t  3 5 30 m 
in the same va l l ey (F i gu re 1 )  h a s  a wi de beac h . Ol d water l eve l s 
discernible on roc kwa l ls a re 2 m above  the  c urrent  l a ke l eve l  and  a 
strandline of weathered dr i ftwood i s  found  over  5 m a bove the wa te r .  
The great  variat i on i n  the  l eve l  o f  L a ke Banden umbu n  i s  proba b l y  a res u l t 
of its small s i ze comb i ned w i t h  the  fac t  that  i t s o u t l et  i s  s u b terranean  
(pas s i n g beneath  a h i l l oc k  of  t i l l )  a nd  i s  therefore u na b l e to  tran smi t 
large volumes of wate r ,  occa s i on a l l y  re l eased  by s torms , a s  effi c i en t l y  
a s  a n  open s p i l l way . A t  the  t i me o f  observa t i on th i s  o ut l e t  wa s part l y  
blocked b y  sma l l log s . 
EVAPOT RANSPI RATION 
An evapotranspi ra tion l y s i mete r  con s tructed of o i l drums a nd  
galva nized iron pi p i n g  (P l a te 6 )  was i n s t a l l ed i n  1966 in  an  e n c l os ure 
in tussock gra s s l a n d  near  the P i ndaunde  S tat i on (S i te 3 ) . A second  
lysimeter was set  up a t  Komb ugl omambuno  (32 1 5  m S i te 1 )  a t  the l ower 
end of the Pinda unde va l l ey .  Records of potent i a l  evapotrans p i rat i on  
(PET) were maintained a s  des cribed by Green (1960). The  Pindau nde 
lysimeter worked rea s onab l y  we l l between Aug u s t  1966 and  Aug u s t  1968 ,  
but there were long peri ods  during which records cou l d  not  be ma i n ta i ned . 
Figures for each mont h  were plotted and  if the mon th's records were 
incomplete the graph was extended to give an es timate for the whole 
ca l endar month . After August 1968 unreasonabl y high figures for 
eva potrans p i ration indicated that an  outward l ea k  from the apparatus 
had  devel oped . The second l ys i meter , insta l l ed at Kombug l omambuno, 
proved to be l es s  re l iabl e and  given to deve l oping an  inward lea k  
21 
during periods of high ra i nfa l l .  Over the s hort periods when direct 
compa r i son of the two s ets of records coul d be made with some confidence 
the eva potran s piration at Kombug l omambuno wa s genera l l y  hig her than at 
P i ndaunde  to the extent of up to 19 mm ( 0 . 75 inche s ) per month ( Table 4). 
Table 4: RAINFALL AND POTENTIAL EVAPOTRANSPIRATION (PET) AT 
PINDAUNDE AND KOMBUGLOMAMBUNO 
RA I N FALL  ( MM )  P ET ( MM )  
PE R I OD 
KOMBUGLO- KOMB UGLO-PI N DAUNDE  MAMBUNO  P I NDAUNDE MAMBUNO 
1966 
June 8-30 128. 8 86.1 
July 48.4 53.l 56. 6 66. 0 
Augus t  113. 9 93.5 
S e p t emb er 126.1 91. 2 56. 6 45.7 
1967 
March 14-31 150. 2 116. 6 
Apr i l  246. 2 227. 6 
May 186. 6 135. 6 19.8 39. 4 
June 110. 0 60. 5 36. 1 53. 3 
July 1-11 39. 6 37. 6 34. 3 39.4 
1968 
July + Augus t  244.5 269.2 
S ep t emb er 186. 0 147. 1 37. 3 44.7 
I t  can  be s een from the avail abl e fi gu res for the Pindaunde 
Station (Table 4) that potential evapotranspiration varies inversely as 
the rainfa l l ,  reach i ng about 50 mm ( 2  inches ) per month during the dry 
sea son and probab l y  fa l l i ng to 1 2 . 7  mm ( 0 . 5 inches ) or les s  in December , 
January ,  and February . Ea ch  month of the yea r  s hows a substa ntial water 
surp l u s  but , conce a l ed  with i n  the se  figure s  for the months of the dry 
season , there may be s h ort peri ods of water defic i t  which can amount to 
about 2 5  mm and whic h  may be significant for plant growth. If we define 
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a ' dry period' as a period of five or more consecutive days in which 
potent i a l  eva potra n s p i ra t i on exceed s ra i nfa l l ,  then  ten d ry per i od s 
occ urred between March  1966 and  Ju ne  1 9 6 7 . No d ry per i ods  were recorded 
between Jul y  and  December 1968 . 
Dur i ng  per i od s w i thout  ra i n ,  the  water l ev e l  i n  the  l a ke and  
s o i l p i ts  i s  seen  to fa l l  ra p i d l y ,  t he s urface pe at  and  mo s s e s  i n  the 
Pi ndau nde bog s become q u i te c r i s p ,  and i t  i s  po s s i b l e  to wa l k drys h od 
near l y  everywhere . E p i p hyt i c b ryophyte s and  fern s i n  the  s u ba l p i ne 
fore s t  become dry and  s h r i v e l l ed ,  a l t hough  they are n ot norma l l y  k i l l ed .  
The mon t h s  of  Ju l y ,  Aug u s t ,  a n d  Sep tember i n  both  1 9 70 and  1 972  we re 
much dr i e r  than  the  same mon t h s  i n  1966 - 68 ( wh en  evapotra n s p i ra t i on wa s 
mea s u red ) .  V i s i tors  to the  mou n ta i n  pr i or to 1966  have  a l s o  g i ven  
accounts  of  l e ng thy d ry s pe l l s .  T h u s , the  evapotra n s p i rat i on d ata 
pre s ented h ere may not  re pre se nt  the  extreme s wh i c h can  be mea s u red . 
There s eems to be n o  corre l a t i on between  poten t i a l  evapotran s­
p i rat i on and a i r tempera ture . 
R E LAT I VE H U M I D I TY A N D  W I N D  
Al t ho u g h  wet a nd  d ry b u l b thermometer read i n g s  i n  the  meteoro ­
l og i ca l  s creen a t  the  Pi nda unde  S ta t i on  ( S i te 3 )  we re ma i n ta i ned , i t  
wa s a pparen t from the hygrog ra p h  traces  tha t re l a t i ve  h um i d i ty fl u c tua­
ted  i n  such  a way that  one  or  two spot  read i n g s  from the  thermometers  
cou l d not  prov i de an  adeq u a te e s t i ma te of the  RH factor i n  the 
env i ronment . An a l ys e s  were, therefore , b a sed  e nt i re l y  u pon t he h a i r 
hyg rogra p h  c h a rt s . Re peated check s  were made of the  i n s truments '  
ca l i bra t i on , b u t  the  a b s o l u te RH  va l ues  c a n no t be  g u a r a n teed . 
At ground  l eve l , f l u ct uat i on s i n  re l a t i ve h umi d i ty a re more 
extreme and more c l o se l y  re l ated to temperatu re than at s c reen  h e i g h t . 
The norma l d i u r n a l  f l u ct ua t i on  of RH , corres pon d i ng  to the r i s e  and  
fa l l  i n  a i r tempera ture  throu ghou t the  24 ho urs wh i c h are  c h ara c ter i s t i c 
of mos t  l owl a nd  s ta t i on s , were exper i enced on l y  s e l dom a t  the  Pi nda unde  
Stat i on . Records  for  175  of a pos s i b l e  2 36 days between 9 Apr i l and  
1 December 1 9 70 s howed that  on  76 days ( 43% ) the  RH  m i n i mum occu rred 
with i n 2 hours  of the tempera ture ma x i mum . Th u s , on 99 days  ( 5 7% ) t he  
RH min i mum d i d  not  co i n c i de w i t h  t he tempera tu re max i mum . I n s tead , 
i rregu l ar a nd  s ome t i me s  s u b s ta n t i a l  c h ange s  of RH , u n re l a ted to c ha n ge s  
of  tempera ture , too k  p l ace  a t  a ny t i me of day or  n i g h t .  Th i s p henomenon  
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has  a l ready been noted by Mcvean  ( 1968 ) . Van Steenis ( 1972 ) presents 
rema rka b l e records for 3025 m a l titude on Mt Pangrango where highest 
RH ' s  a re regul arl y attained during the  d ay and  l owes t  during the  nig ht 
thu s  compl ete l y  inverting the u s u a l  pa ttern . 
The more viol ent and irregu l a r f l u ctuations in RH a re of s hort 
d uration , varying from five minutes to two hours  b ut  with the five and  
30  minute period s being most freq uent . That a hysteretic effect may 
have been res ponsib l e  for the s horter wa ve l ength fl uctuation s observed 
on the charts is u n l i ke l y  beca u se  they were not con s i stentl y present . 
' Air ava l anches ' s u ch a s  Scaetta ( 1935 ) reports for Ka ris i mb i  ( 4000 m )  
northeast of La ke Kivu ( Ea st Africa ) or rhythmi c a i r  pu l s a t i on s  
( KUttner , 1949 ) may account for some of t h e  var i at i on .  
An attempt wa s made to re l ate the recorded i ncidence of dry air 
ma s s e s  on Mt Wil he l m  to data recorded in upper  a i r  soundings  at Lae by 
examining a n umber of radiosonde tephig rams for the per i od s  cover i ng  
dates on whic h  l ow air h umidities had  been recorded a t  P i nda unde  d uring 
1968 . Mr M .  H. Freema n of the U . K .  Meteorol og i ca l  Office , Brac kne l l 
( pers . comm . , 1971 ) commented on five tephigrams and  their corre s pon­
d i n g thermohygrogra ph  traces  as fo l l ows : ' Th e  occu rrences  of s harp  
drops in  h umi d i ty at Mt Wil he l m  a ppear to be  a s s oc i a ted , except for one 
case  where part  of the data wa s l a c k i ng , wi th very d ry a i r i n  the  
600/700 mb l eve l  i n  the  Lae rad i os onde . I n  mos t  i n sta nces  there are 
i nd i cat i on s  of s ub s i dence i nversion s wi t h  the base be l ow 700 mb ' .  
Green ( 1 965 ) con c l udes  that excepti on a l , l ow h umid i ti e s  oc cur  in 
the B r itis h I s l es when l arge s ca l e  s u b s i dence and fohn effects coi ncide . 
I n  addition he  note s that  the few avai l a b l e records from hig h a l titude 
stati on s i n  B ritain indicate tha t  l ow h um i d i t i es  freq uent l y  occur  at 
h i g h l ev e l s when they do not occu r  a t  l ower s ta tions . 
An ana l ysis of the re l ati ve humi dity data from June to November 
196 6  s hows that d u ring that period pronounced h umi dity minima oc curred 
at dawn on 25% of days , at n oon and dur i ng the ear l y afternoon on 45% 
of days , a nd  dur i ng  the  hours  of d arknes s  on 5% of days . I l l - defined  
or  mu l ti p l e pea k s  and  troug h s  occu rred on  25% of days . The dawn , noon, 
and  overnig ht minima tended to occu r in ru n s  of three to five days . 
The res u l ts of a n  ana l ysis of the nine month s of rel ative humidity 
data for 1970 a re presented in Tab l e 5; data for Jan u a ry ,  March , and  
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Table 5 :  FREQUENCY ANALYSIS OF RELATIVE HUMIDITY 
MINIMA AT PINDAUNDE (SITE 3 ) ,  1 9 70 
PERCENTAGE FREQUENC I ES FOR THE  MONTHS 
F EB  APR  MAY JU�l J U L  AUG S E P  OCT NOV 
T i me of Da i l y M i n i mum R . H .  ( Hours ) 
0 1  - 06 46 0 1 0  7 1 0  30 7 18 1 1  
07 - 12 S4 80 34 7 7  4S 6S 6S 36 7 2  
13 - 18 0 s S 2  16 30 s 24 2 7  1 1  
19 - 24 0 l S  4 0 l S  10 4 1 8  6 
No . d ay s 13 2 1  2 0  30 20 20 29 1 1  18 
obs erva t ion 
Da i l y  Mi n i mum R . H .  
2 0  - 2 9% 0 0 0 3 0 0 0 0 0 
30 - 39% 0 0 0 1 0  4 10 3 0 1 1  
40 - 49% 0 4 1 1  1 3  1 3  33 24 6 6 
s o  - S 9% 7 24 2 2  1 3  1 7  2 9  2 4  1 9  2 8  
60 - 69% 4 7  43 33 3 7  2 2  1 9  2 4  19 1 7  
70 - 7 9% 20 29 39 2 1  30 10 2 1  2 S 33 
80 - 89% 2 7  0 6 3 1 3  0 3 1 9  6 
90 - 100% 0 0 0 0 0 0 0 1 2  0 
N o .  days l S  2 1  18 2 9  2 3  2 1  29 1 6  18 obs ervat ion 
N i g h t l y  M i n i mum R . H .  
30 - 39% 0 0 0 3 0 0 0 0 8 
40 - 49% 0 0 0 33 0 1 0  7 0 0 
s o  - S 9% 0 0 1 0  3 s l S  3 0 8 
60 - 69% l S  16 s 1 3  l S  2 S  7 0 2 S 
70 - 7 9% 2 3  16 3S 2 3  l S  2 S  28 36 33 
80 - 89% 46 68 s o  43 60 2 0  S 2  4S 17 
90 - 1 00% l S  0 0 3 s s 3 18 8 
No . dar ob s erva i on 1 3  l S  1 2  2 3  l S  1 7  24 1 1  12 
Ti me of N i g h t l y  Mi n i mum R . H .  ( Hours ) 
1 7  - 1 9  0 0 0 7 0 6 0 0 0 
2 0  - 2 2  0 2 2  30 14 20 2 2  7 1 8  8 
2 3  - 0 1  8 33 20 3 1  s 1 1  2 2  S S  33 
0 2  - 04 66 2 2 30 3 1  4S 39 30 2 7  s o  
O S  - 06 2 S  2 2  2 0  1 7  30 2 2  4 1  0 8 
No . days 1 2  14 1 2  
ob s erva t i on 
2 3  l S  1 7  2 4  1 1  1 2  
Sta rt i ng  T i me of N i g h t l y  M i n i mum R . H .  ( Hours ) 
1 7  - 19 12 36 3 1  2 9  13 33 s 6 7  S S  
2 0  - 2 2  2 S  2 7  3 7  37 2 7  39 S 7  33 9 
2 3  - 0 1  38 18 2 3  2 S  33 1 7  2 9  0 36 
02 - 04 2 S  18 8 8 2 7  1 1  10 0 0 
O S  - 06 0 0 0 0 0 0 0 0 0 
No .  days 8 1 1  13 24 l S  1 8  2 1  9 1 1  ob s e rvat ion 
Coincidence 
night and 4 3 4 2 s s 3 2 1 
d a i ly min imum 
SUMMARY 
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December  a re not  ava i l a b l e .  The freq uency d i s t r i b u t i on of da i l y mi n i mum 
RH i s  very broad . Th e m i n i mum l i e s between 40% and  80% RH on 87% of the 
days recorded . The da i l y m i n i mum occurs  between 0700  and  1259 hou rs  on 
6 3% of days , wh i l s t on 17% of days i t  occurs  i n  the afternoon ( 1300 -
1859  hours ) and  on  2 0%  of days , d u r i ng t he  n i g ht hours . N i g h t  mi n i ma 
occur  n ear l y tw i ce  a s  often a fte r m i d n i g h t  a s  before m i d n i g h t . No 
sea s ona l trend i s  a p pa rent  i n  the  t i me of occu rrence of the d a i l y  
m i n i mum . 
C l ear l y  d i s cern i b l e  n i g h t - t i me l ows occ u r  on 142 out  of the 182 
days of ob serva t i ons . On on ly  29 of the  142 days do they co i nc i de wi th 
the  da i l y mi n i mum ; the  rema i n i n g 1 1 3  l ows rep res ent  secondary m i n i ma 
occ urr i ng  a t  n i g h t . The frequency d i s tr i bu t i on of the n i g h t  l ows i s  
b i a s ed towa rd s h i g h er re l a t i v e  h um i d i ty va l ues  than  occur  d u r i ng the 
dayt i me ;  6 3% of the  n i g h t - t i me l ows fa l l between 70% and 90% RH , 
compared w i t h  on l y  30% of the  d a i l y  m i n i ma fa l l i ng i n  th i s  range . 
The drop i n  RH i n  t he  n i g h t- t i me l ows i n  1970  commences  mos t 
frequen t l y  between 2000 and  2 2 59  ho ur s . On on l y  12% of days does i t  
s tart  be tween 0200 and  0600 ho ur s . L i ke  the  n i g h t - t i me m i n i ma ment i oned 
above , the n i ght l ows a re more freq ue n t  a fte r mi d n i g h t  than  before . 
60% of  the n i g h t  l ows occ u r  between  0200 and 0600 hours . Thi s ob s erva ­
t i on ,  tog ether  w i th tha t of down - v a l l ey ,  n i g h t - t i me wi nds , s ug g e s t s  the 
presence  of a fohn  w i nd d u r i ng the  pre - dawn hou rs of darknes s . Hedberg 
( 1964 ) has  de s cr i bed a s i m i l a r ' d ry fohn 1 for the Afroa l p i ne zone  of 
Mt Kenya . I t  i s  po s s i b l e  t hat  a l l of these  dry- a i r events  are re l a ted 
to n i g h t - t i me s u b s i dence of dry a i r a l oft  when the l i ft i ng  force of 
dayt i me h ea t i ng on l owl and  mo i s t  a i r  i s  no  l onger  pres en t .  
A l thou gh record s  o f  wi nd ve l oc i ty have  not been kept  a t  P i ndaunde  
i t  a p pears  that , i n  genera l , v a l l ey and  s l ope w i nds  of the  type d i s cu s sed  
by Ge i ger  ( 19 6 5 ) a re freq uent . L i g h t  to g u s ty ,  down - v a l l ey w i nds  a re 
common i n  t he  ear l y  morn i ng ho urs , dy i ng o u t  between 0600 and 0 700 hours  
( i . e .  w i th i n  one to one -and -a -q uarte r  hours  after s u n r i s e ) . A br i ef  
ca l m  often occurs  before u p - s l ope and  u p - va l l ey w i nds  deve l op . These  
wi nd s  then u s u a l l y  pers i s t  u n t i l m i d -to  l a te -aftern oon when  a second  
ca l m  per i od occurs . The  l a tter i s  often a s s oc i a ted wi th  descend i ng 
tongues  of c l oud whi ch e i ther d i s s i pa te a short h e i ght above  the v a l l ey 
fl oor or  e l s e  c omp l ete l y  f i l l  the v a l l ey .  
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Wi nds strong enough to shake the buil dings and raise wh i te-caps 
on the l a ke h ave been noticed in most month s  from April through to 
October , but winds  of such force are un common . When  pres ent , they are 
mostly down-va l l ey winds and occur at any ti me of the day . Their 
causes are not known , but at l east  some seem to be of the ' air a va l anche ' 
type of S c hmaus s ( 19 26 ) . I n  1972 their occurrence appears  to have  been 
restricted to periods of c l ea r  weather . 
Winds  seem to be of g reater force at a l titudes  on Mt Wil he l m  
above Pindaunde , but wind - s h a ping of s hrubs i s  n oticea b l e on l y  l oc a l l y , 
for examp l e whe re wind is channe l l ed th roug h narrow defil es  on r i dge  
crests and  on  the  sou thwe s t  fl a n k  of t he  summ i t  r i dge . Very strong 
winds  have  often been  reported at the summit of Mt W i l he l m  ( 45 10 m ) . 
Of eig ht n i g hts s p ent encamped near  the summ i t in Jul y-August 1969  on l y  
two we re ca l m ,  and on  four the summit tri g - point became coated with 
horizonta l crys ta l s  of r i me a l i gned in a sing l e  direction ( G .  S .  Hope , 
pers . comm . , 1973 ) . From on l y  a few observations , summit wind s  a re 
common ly  from the northeast . 
Mean month l y  w i nds peeds from 42 50 m, Mt Carsten s z, I rian Jaya , 
a re avail abl e from Al l i son ( in p res s ) .  He reports De cember 1 . 7  m/sec  
(8  days ) ,  Janua ry 2 . 0  ( 3 1 days ) ,  Februa ry 1 . 7  ( 29 days ) ,  and Ma rch  
1 . 6  m/ sec  (6  days ) .  These data indicate the genera l l y  l ow wi nd  
vel ocities pres ent i n  the hig h mountains of New Gui nea . 
2 7  
RAD I AT I ON AND  TEMPERATU RE 
R AD I AT I O N 
A few mea s u rement s  of rad i a t i on have  been  made a t  Pi ndaunde  
( S i te 3 ) . An Ogawa S e i k i  b i meta l l i c s tr i p pyranogra p h  wi th  an  accura cy 
e rror of  7 . 5% ( ca l i bra t i on  by Commonwe a l th S c i e n t i f i c and  I nd u s tr i a l  
Re search  Orga n i z a t i on , D i v i s i on o f  Atmospher i c Phys i c s )  prov i ded an 
e s t i ma te of g l o ba l  rad i a t i on from 0 . 28- 3 . 0  mµ for the seven month s  from 
Apr i l to October 1 9 70 . Records from the same i n s trument , when  u nca l i ­
bra ted , were co l l e cted i n  1968-69  and  used  to es t i ma te hours  of b r i g h t  
s u n s h i ne  and  rad i a t i on rece i ved  a s  a perce n t  o f  t h a t  pos s i b l e on  days 
when the s ky wa s c l e a r .  Typ i ca l  a c t i nograph  tra ces for c l ear  and  
c l oudy days are i l l u s tra ted i n  F i g . 4 .  Du r i n g  about  the  f i rs t one and  a 
ha l f  a nd  the  l a s t  one  hour  of dayl i g h t  each  day d i rect  s u n l i g ht  co u l d 
not rea c h  Pi n da u nde due  to o b s tru c t i on by h i g h r i dges def i n i n g the 
v a l l ey .  
E s t i ma tes  o f  mean  hours  of b r i g h t  s u n  per mont h  have  been ma de 
for seven mon ths  i n  the 1968-69  per i od and  are i n c l uded i n  Appen d i xes 
4 and 5 .  A crude  e s t i ma te , based  on the se  seven  va l ues , come s to about  
1 000  hours  of b r i g h t  s un  per yea r . T h i s i s  l es s  t han  25% of the pos s i b l e  
hours . I t  i s  proba b l y  not  g rea t l y  i n  error and  empha s i zes the degree of 
c l oud i nes s i n  t h i s a rea . 
The  average  ra te of  rad i a nt  energy i n p ut  for day l i g h t  hours  d u r i n g  
Apr i l t o  Oc tobe r 1 9 70 i s  0 . 56 ± 0 . 05 ca l / cm2 /m i n .  Al thou g h  there are 
d i ffe rence s from mon t h  to mont h , there i s  no a ppa re n t  seasona l trend . 
To demons tra te s uc h  a trend wou l d req u i re muc h  l onger  records a t  the 
l a t i tude of Pi ndaunde than pre se nt l y a va i l ab l e .  The rate of energy 
i n put  at 1 . 5  m above  ground  l eve l  d ur i ng  the we ttes t mon t h s  of the yea r 
( December , Ja n u a ry ,  and  Fe bruary )  i s  expec ted to be muc h  l es s  than  the 
above f i gures . 
Dur i ng  1 9 70 an  a ttempt wa s made to mea s u re net  rad i a t i on . Al thoug h  
the  overa l l expe r i ment  was  u n s u c ce s s fu l , re l i a b l e read i n g s  we re obta i ned 
d ur i n g  a few days . Beca u se  an  i n s trument  c a l i bra t i on wa s u nobta i n a b l e ,  
the  read i n g s  a re on l y  u sefu l  re l a t i ve to one  another . An i mportant  
feature  i n  t he  records i s  t he  great  va r i a t i on from day  to  day . Ne t 
pos i t i ve rad i a t i on ( dayti me ) v ar i e s  by a fac tor  of ten wh i l e  n e t  nega t i ve  
rad i a t i on ( n i g ht- t i me )  v a r i es  by  a fac tor of 2000 ! On average  i t  a p pears  
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SAM PLE SOLAR RADIATION C U RVES F ROM S U BAL PI N E  G RASSLA N D  P I N D A U N D E  ( s i t e  3 ) 
(Traci ngs from orig i na l  g ra phs) 
1 9  20 21  22 23  24  2 3 4 5 6 
6 .00 a . m .  6 . 0 0  p m . 
S U N N Y  D A Y  3 5 3 0 m .  3 0  J U N E  1968  
C U RVE EQUALS 94% O F  TOTAL POSS I B L E  SOLAR RAD IAT ION 
1 9  20  2 1  2 2  2 3  24 2 3 4 5 
6 .00 a . m .  
C L O U D Y DA Y  3 5 3 0 m .  1 7  J U N E  1 968 
C U RVE EQUALS 1 3'l. 0F TOTAL POSS I B L E  SOLAR RADIATI O N  
FIGURE 4 .  Typical actinograph traces for sunny and cloudy days at the 
Pindaunde Field Station in June 1 9 6 8  (site 3) . 
6 
6 . 0 0  p . m . 
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that  about  one  q u a rter of the  dayt i me rad i a nt energy i nput  i s  l os t  by 
re- rad i a t i on  a t  n i g h t . On exce pt i ona l  occa s i ons , when a c l ear  n i g h t  
fo l l ows  a c l oudy day , a s  much a s  e i g h t  t i me s  the  day ' s  i n put  i s  l os t  by 
re- ra d i a t i on a t  n i ght . I n  genera l , more energy seems to be l os t  on  
n i g ht s  fo l l ow i ng  days  of  h i g h  i n p ut  than  dur i ng  those  fo l l owi n g  days  of 
l ow i n p ut . Ground  fro s ts occu r  on  n i g hts  of  h i g h net  rad i a t i on l os s , 
a s  wou l d be expected . The ha r s hnes s of the equ a tor i a l  a l p i ne rad i a t i on 
env i ronme n t  i s  pa rt l y d ue to the  h i g h i nten s i ty of d i rect so l a r  energy 
b ut  perhaps  more i mporta nt l y to the  very g reat  l os s  of energy to the  
n i g h t  s ky .  I n  t h i s l a tter re spec t , however ,  P i ndaunde  wou l d  a ppear to 
have  a l es s  severe rad i a t i on exchange  env i ronment  than  many of the 
equa tor i a l  h i g h mou n ta i n s  of  Afr i ca and South  Amer i ca . 
The l i fe forms  of the  domi nan t  p l a n ts i n  the s e  reg i ons  a ppear  
s pec i f i ca l l y  ada pted to w i t h s tand  t he h a rs h  d i urn a l  e n v i ronment . The 
nyc t i na s t i c l eaf  movements  of g i a n t  herb s  on the Ea s t  Afri can  h i g h  
mou n ta i n s h a s  been re l a ted to the  protect i on from n i g h t - t i me rad i a t i on 
fro s t  g i ven  to the  a p i ca l bud  by the  o u ter  l eaves  ( Coe , 1 96 7 ; Hedberg , 
1 968 ) . A .  P .  Smi th  ( 1 974 ) h a s  made deta i l ed me a s u rements  of the a i r 
and  bud  tempera tures  of the  n i g h t- c l o s i ng  Espelet i a schul t z i i a t  Muc ubaj { , 
Venezue l a  ( 8 ° 45 ' N l a ti tude , 3600 m a l t i tude ) . The therma l i n s u l a t i ng 
v a l ue  of the  tu s s oc k  form fo r i t s a p i c a l  mer i s tems has  been s hown by 
Coe ( 19 69 ) i n  the  Afroa l p i n e . 
I t  h a s  not  been po s s i b l e  i n  o ur  record s to e s ta b l i s h the expected 
corre l a t i on between potent i a l  e v apotra n s p i ra t i on and i n so l a t i on on a 
mont h l y  ba s i s .  Th i s  i s  part l y  due  to the  i ncomp l etene s s  of record s and  
part l y to the l ag i n  l y s i meter perco l a t i on .  
S C R E E N TE M P E R A TU R E S 
The pr i ma ry fea tures  of the tempera tu re c l i ma te s  of equator i a l , 
h i g h  mou n ta i n s a re sma l l s e a sona l  a nd  l a rge d i urna l c hanges  ( cf . Coe , 
1967 ; Hedberg , 1964 ; Mcvean , 1968 ; Tro l l ,  1 9 59 ) . Ge i ge r  ( 1 9 6 5 ) a nd  
Tro l l ( 19 59 ) h ave  s hown tha t  the  range  of  a i r tempera tures  decrea se s  
wi t h  i nc rea s i n g  a l t i tude . 
A c l ear  c haracter i zat i on of  therma l c l i ma tes  can  be seen  by u s i ng 
the ' thermo i s op l e th '  d i a g ram of  Tro l l ( 19 58 ) . A typ i ca l  l ow l and  trop i cs 
thermo i s o p l eth  i s  i l l u s trated i n  F i g u re 5 ( Para , B ra z i l ,  1 ° 27 '  S ,  
48 ° 29 ' W ) . Here the  i so p l eth s  run  para l l e l to the  a b s c i s s a  (mon th  ax i s ) 
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Apr 1 9 0 1 - Dec 1 9 0 3  PAR A . BRAZ I L  ( 1 ° 2 7 '  S .  48°  2 9 '  W) 1 O rn  0-..-������--=--4===--�������������-,
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FIGURE 5 .  Thermoi sop le th for P<ll'a, Brazi l .  From C .  Tro l l ,  
1964, by courtesy of the A uthor and the Edi tors 
of Erdkunde 
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FIGURE 7. 1 2  
Thermoisopleth for 
Pindaunde, 1 . 5 m above 
short turf (site 3) . 
FIGURE 8. 
Therm01·.sop leth for 
Pangrango, Java . (From 
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tesy of the Au thor and 
the Editors of Erdkunde) 
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FIGURE 9 .  
Thermoisopleth for El 
Mis ti, Peru. (From 
C. Troll, 1 9 6 1 ,  by cour­
tesy of the Author and 
the Editors of Die 
NaturwissenschaftenJ 
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E L  M I ST I . P E R U  ( 1 6 ° 1 6 'S  . 7 1 °  2 5 ' W) 4760m Oct 1 8 9 3  - Dec 1 89 5  
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i nd i cat i ng  tha t  the d i urna l range of mean  hour l y tempera ture i s  g reater 
than the s ea sona l  range  of mea n  month l y  tempera tures  for  a ny g i ven  hour  
of the d ay . By con tras t ,  the thermo i s o p l e th d i a g ram for the  average 
po l a r  pos i t i on of the  Framd r i ft  exped i t i on ,  North  Po l a r  Sea  ( 82 ° 40 ' N ,  
89 ° l l ' E ) i s  p res ented i n  F i g u re 6 .  There i s  very l i t t l e d i u rn a l  
v ar i a t i on b u t  very s trong s ea son a l  c hange  i n  tempera ture a t  t h i s h i g h  
l a t i tude s i te .  
A thermo i s op l et h  d i a gram for Pi nd a u nde ( S i te 3 )  wa s drawn from 
the 1970 d ata ( F i g ure 7 )  a nd can  be compared w i t h  t hat  for Pan g rango , 
Wes t  Java  ( 30 2 2  m ) wh i c h i s  s hown i n  F i g u re 8 .  The  therma l c l i ma te of 
the h i g h , equa tor i a l  mou n ta i n s  can be  seen  to be re l a ted to tha t  of the 
l owl and  trop i c s , des p i te the much  l ower mean  tempera t ures  at the h i g h  
a l ti tudes . The typ i ca l  d i urn a l  sequence  of temperatures  i s  a ra p i d  
wa rm i ng , be i nn i ng abo u t  one  hour  after  s u n r i s e  and  e nd i ng between 0900 
hours  a nd 1 100 hours . Fa i r l y  stab l e  tempera tures preva i l th rou g h  the  
m i d - day per i od u n t i l a bo u t  1600 hou rs when  coo l i ng commences , cont i n u i ng  
u nt i l 2000- 2400 hours  when  fa i r l y  s ta b l e tempera tu res  ag a i n  a re common . 
There i s  a tendency for l owes t  tempe ra tures  to occur  i n  the  ear l y 
morn i ng hour s . 
Duri n g  1970 , on Mt  W i l he l m  s ome mon ths  had  h i g her  mean  m i d -day 
tempera tures  t han  other  mon ths , g i v i ng the  i mpres s i on of a s eason a l  
chan ge . Whether  these  are s ea sona l d i fferences , or  j u s t  f l u ct ua t i ons  
pecu l i ar to 1 970 , can  on l y  be determ i ned i f  l onger- term observa ti ons  
a re made . S i m i l a r f l u c tu at i ons  can  be found  i n  Tro l l ' s ( 19 6 1 )  d i ag ram 
for El Mi s t i , Pe ru ( 4760  m ) reprod uced  as F i g u re 9 .  
Mon thl y tempera tu re s umma r i es  for the  196 7 - 7 2  per i od for the  
P i ndaunde  S ta t i on are g i ven  i n  Tab l es 1 - 7  of the Append i x .  The range 
of mean max i mum tempera tures i s  about  tw i ce tha t of the mea n  m i n i ma ,  
f mean max + me an min b u t  both are sma l l .  The  yea r l y  range o - i s  on l y  
2 . 0° c  i nd i cat i n g  the  un i form i ty o f  the  therma l c l i ma te . The  recorded 
tempera ture extremes a re 16 . 7 ° C  and  - 0 . 8 ° C .  
Short  run s  of tempera tu re mea s u rement s  a t  1 . 5  m a bove gro u nd a re 
a va i l a b l e from two other  s i tes on Mt W i l h e l m .  A t  Kombug l omambuno 
( S i te 1 ,  3 2 1 5  m ) i n  the  l owes t  a rea of gra s s l and i n  the  P i nda u nde  v a l l ey ,  
record s  were kept  d u r i ng May 1966 , u s i ng a revol v i ng drum the rmohyg ro­
grap h . Records  of a i r  temperature we re obta i n ed from a S umner thermo­
gra ph set  up  at  about  4400 m ( S i te 8 )  on the  s o u t hwe s t  s i de of the  ma i n  
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s ummi t r i dge  south  of Mt W i l he l m  s ummi t .  These  l at ter  records are 
a va i l a b l e for Ju l y  and  Augu s t  1968 a nd from Ju l y  1969 to m i d - January 
1 9 70 . They cover  part  of the wet and  dry sea son s  a s  we l l a s  the tran s ­
i t i on from dry t o  wet and  thu s a re proba b l y repre senta t i ve o f  the 
annua l reg i me a t  the h i gh a l t i tude . 
At Komb u g l omambu no , s c reen max i ma were u s ua l l y  0 . 5  to 2 . 8 ° C 
h i g her  than  a t  the Pi nda unde  Stat i on b u t  were oc cas i ona l l y  a s  much  a s  
6 . 7 ° C  h i g her . N i g h t  m i n i ma were u s u a l l y  between zero a n d  3 . 3 ° C  h i g her  
b u t  occa s i ona l l y  5 . 0 ° c  h i g h er  than  a t  Pi ndau nde . Gra s s  m i n i ma have  
not been recorded at  the  l ower s i te ,  b u t  ground  fro s t  i s  proba b l y muc h  
l es s  common t h a n  a t  Pi ndau nde . 
At the s umm i t r i dge  ( S i te 8 ) , the mean  ma x i mum i s  6 . 6 ° C  l ower , 
me an ma x + me an min the mean m i n i mum 2 . 8 ° C  l owe r ,  and  the  overa l l mean i . e .  2 
i s  5 . 6 ° C  l ower than  a t  the  Pi nda unde  S ta t i on , compa r i ng the s i x  month s  
for  w h i c h  records  a re a va i l a b l e from both  s i te s  ( Ta b l e 6 ) . T h e  l a p se  
ra te per 100 m between 3480 m and  4400 m c a l cu l a ted from mea n ma x i mum 
tempera tures  i s  a bo u t  - 0 . 7 1 ° C ,  from mean  m i n i ma a bout  - 0 . 50 ° C  and from 
the  overa l l mean -0 . 60 ° C .  Oth er  l a pse  ra te e s t i ma te s  for h i g h  a l t i tudes 
i n  New Gu i nea a re - 0 . 5 5 ° C  ( Ni x and  Ka l ma , 1 9 7 2 ) and  - 0 . 5 3 ° C  ( Sm i th , 
1 9 7 5 ) , the l a tter be i n g ca l c u l ated from the  mea n s  of hour l y tempera tures  
a t  d i ffere nt  a l t i tudes  on Mt W i l he l m .  
T E M P E R A T U R E S  N E A R  G R O U N D  L E V E L 
Tempera ture record s have  been made at  severa l  s i te s  i n  the 
Pi n da u nde va l l ey a t  d i s tance s  from the  ground  s u rface rang i ng from 
0 . 5  m be l ow g round  s urfa ce to 0 . 6 3 m above  the  s u rface . At Pi ndaunde  
( S i te 3 ) max i mum 1 g ra s s 1 tempera tures  were  mea s u red wi th the b u l b  of  
the thermome ter i n serted i n  the  turf  i n  196 6 - 69 . I n  19 70 a s tandard 
ma x i mum thermome ter wa s s u p por ted hor i zonta l l y  0 . 0 1 m above a s h ort tu rf 
a nd  s h i e l ded  from s o l a r  rad i a t i on  by a p i ece of wh i te h a rdboa rd : a 
m i n i mum t h e rmome te r wa s s i m i l a r l y  p l a c e d  b ut  w i thou t  a sh i e l d both  i n  
1966 - 69 and  1 9 70 . The mean  ma x i mum 1 g ra s s 1 tempera tu re for an  ent i re 
year i s  about  1 9 . 7 ° C  and  the  mean  m i n i mum i s  a bout  l . 1 ° C . The recorded 
extreme s a re 29 . 4 ° C  and - 9 . 1 ° C ,  a range of 38 . 5 ° C  compared w i t h  on l y  
0 16 . 3  C ext reme range  a t  1 . 5  m a bove ground i n  the s c reen . The ground  
s u rface c l ear l y has  a more r i gorous  tempera t u re reg i me than  do greater 
h e i g h ts  a bove g round . 
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Tab le 6 :  SUMMIT RIDGE TEMPERATURES ( ° CJ A T  4400M ON MT WILHELM (SITE 8) 
1 968 1969  1 970  -- --
J ULYa AUG a J U L Y  AUG S EPT OCT NOV DEC  JANa 
6 . 2 5 .  1 b 3 . 7 4 . 8 4 . 9  5 . 2  4 . 8b Mean Max 4 . \ 4 .  1 
- 0 . 7 - 1 . 1 - 1 .  3 - 0 . 2 - 0 . R - 0 . 3  -o . 2b - 0 . 9  Mean Min - 1 .  1 
12 (Max + Min) 2 . 8 2 . 0 1 .  9 1 .  2 2 .  3 2 . 0  2 . 4 2 .  3 1 .  6 
Highest Max 8 . 3 8 .  1 7 . 8  7 .  1 6 . 9  6 . 3 8 . 4 8 . 6 8 . 6 
Lowest Min - 1 . 7 - 2 . 7  - 1 .  7 - 3 . 2  - 1 . 1 - 1 . 8 - 2 . 2  - 1 . 4 - 2 . 1  
Lowest Max 2 . 8  2 . 8  1 .  7 1 .  1 4 . 4  2 . 8  2 . 2  2 . 3  1 .  8 
Highest Min 0 . 4  0 . 6  0 . 6  0 . 5  1 .  5 0 . 6  1 .  1 1 .  1 0 .  1 
Days Air Frost 1 9 +  1 5 + 2 1  2 8  1 7  2 8  1 8  1 6  1 7+ 
Mean Max 7 . 9  6 . 7  6 .  1 5 . 0  6 . 2  6 . 3  7 . 0  6 . 7  6 . 1  
Mean Min - 0 . 6  0 .  1 - 1 .  1 - 1 .  2 0 .  1 - 0 . 6  0 .  1 0 . 3  - 0 . 3  
12 (Max + Min) 3 . 6 3 . 4 2 . 5 1 .  9 3 .  2 2 . 8 3 . 6 3 . 5 2 . 9 
Highest Max 1 1 .  2 9 . 8  1 0 . 0  8 . 7 8 .  1 8 . 7 1 1 .  1 1 0 . 2  9 . 8  
Lowest Min - 1 .  8 - 2 . 2  - 1 .  7 - 3 . 5  - 1 . 1 - 1 .  7 - 1 . 8  0 . 8  - 1 . 6  
Records for the month incomplete  
S t andard deviation of  means: Mean Max July 0 . 9 0 ,  Dec . 0 . 8 3 
Mean Min July 0 . 4 8 ,  Dec . 0 . 3 5 
SUMMARY 
4 . 8  
-0 . 7  
2 .  1 
8 . 6 
- 3 . 2  
1 .  1 
1 .  5 
6 . 4  
- 0 . 4  
3 . 0 
1 1 .  2 
- 3 . 5  
w 
..j:::> 
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Du ri ng  severa l mon ths of 1 9 70 , temperatu re records were made 
wi th a S umner thermograph and C a s e l l a  the rmographs set i n  whi te , vent i ­
l ated s c reens  i n  t u s s o c k  gras s l and  a t  m i d - canopy l eve l  ( 0 . 2 - 0 . 3  m above 
g round ) at fi ve s i te s  on  the P i nda u nde v a l l ey s i de of Mt W i l he l m .  The 
s i tes ra nged  from 3 3 70 m to 4350  m .  The 3480 m s i te ( Sumner  s e n s or a t  
0 . 2  m a bove  g round l ev e l  beneath a thi n g ra s s  can opy ) shows a much more 
extreme temperature reg i me than tha t found at 1 . 5  m a bove ground  at the 
nearby P i nda u nde  meteoro l og i ca l  s tat i on  ( S i te 3 ) : cf . F i g ure 10 a nd  
F i g u re 7 .  At  3370  m ( S i te 2 ;  C a s e l l a  s e n s or a t  0 . 2  m ,  i n  an open  area 
of tu s sock  g ra s s l a nd ) , the tempera tu re reg i me i s  more modera te than a t  
the s ame he i ght a bove g round  a t  3480 m ,  b u t  i t  i s  s t i l l  more extreme 
than  i n  the P i ndau nde s c reen . At 4350  m ( F i g u re 1 0 ) ,  the mean  tempera ­
tures  a re 4 - 5 ° C  l ower tha n a t  3370  m ,  b u t  the range  a t  both s i tes  i s  
a bout  1 0 ° C .  A l tho u g h  the near-ground  tempera ture reg i me can be s een  
i n  the f i g u re s  to be more ex treme than i s  i nd i cated by the s c reen 
tempera tures , the form of the  temperatu re var i a t i on i s  on l y  exaggerated 
nearer the  g round , not  changed . 
The c hange  i n  tempera ture near  t he  ground  wi th i ncrea s i ng 
a l t i tude  from 3480 m to 4350  m i s  p r i mar i l y  i n  the  form of reduced 
ma x i mum , but u n c hanged  m i n i mum temperatures . Between 3370  m and  3480 m , 
howeve r ,  max i ma i nc rea sed a nd  m i n i ma decrea sed  wi th  the i ncrea se  i n  
a l t i tude . Ge i ger  ( 1965 , p . 448 ) s ta tes  that  a i r temperatures  tend to 
dec rea s e  w i th a l t i tu de and that the i r a n nu a l  var i a t i on becomes sma l l er ,  
a nd the da ta we pre sent  genera l l y  s up port thi s v i ew .  There are , however , 
two d i s pa r i t i es : 
( a )  the mean  ma x i mum tempera tures  a t  the 3370  m s i te are 
l ower than expec ted , pos s i b l y  due  to a g rea ter  i nc i ­
dence of  c l oud  over the l ower s i te and , 
( b )  the  mean  m i n i mum temperatures  between  3480 m and  4400 m 
d i ffe r by l e s s  tha n 1 ° c  for mos t of the t i me . The 
s i gn i f i c ance  of  the se  d i fferen ces  for the l ong term 
c l i ma t i c average  for the a rea cannot  be a s s e s sed  from 
our  short runs  of  d ata . 
TO P O THE R MA L C L I MATE 
Topothe rma l c l i ma t i c da ta ha ve been obta i ned from severa l  s i tes 
on  the mou nta i n .  At 4400 m on the s umm i t r i dge  ( S i te  8)  tempera tures 
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PINDAUNDE . MT WI L H E L M  3 4 8 0 m  (0 .2m) 1 970 
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FIGURE 1 0 .  Thermoisop le th for Pindaunde, Mt Wi lhe lm, at 
0 . 2 m above ground, tussock grass land (near 
site 3) 
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FIGURE 1 1 . Thermoisop le th for Upper Va l ley, Mt Wi lhe lm, 
at 0 . 5 m above ground, tussock grass land 
(site 6)  
3 7  
were meas u red a bove  a s hort , c ryptogami c vegeta t i on whi c h  g rew o n  fi ne  
s o i l a t  the  bottom of a g l ac i a l l y  s coured ba s i n  1 . 5 - 2 . 0  m deep . 
Temperature s e n s ors we re l oc ated a t  0 . 1 -0 . 2 5 m and  0 . 9 - 1 . 05 m a bove 
g round . The ma i n  fea tures  of the  therma l c l i mate here are s i mi l a r to 
tho se  mea s u red at 4350  m i n  Upper  va l l ey ( F i g u re 1 1 ) , wi th s ome i n ter­
e s t i ng  d i fferences . A l t hough  mean mi n i ma a re near l y the  s ame , mea n 
max i mum temperatures  a re about  4 ° C  l ower a t  the  h i g her  s i te ,  t h u s  
cont i n u i n g  the  trend  s een  between  3480 m and  43 50  m .  
An apparen t l y  a noma l o u s  feature i s  the  occurrence  of  h i g her  mean  
mi n i ma nearer the g round s u rface  than  fu rther  a bove i t  ( Tab l e  6 ) . The 
work  of Bo l z ( 19 5 1 ) on  the  tempera tures  of sma l l depres s i ons  prov i des  
a pos s i b l e  exp l anat i on .  He s hows tha t the  mi n i mum n i g h t  temperatures  
at  the bottom of na rrow depre s s i ons  a re h i g h er tha n a t  the top i n  s p i te 
of a nega t i ve  rad i a t i on  b a l a n ce . The comb i ned i nfl uence  of rad i at i ve 
heat i ng of the  a i r  by both  t he  s o i l and  the wa l l s  of the  depres s i on ,  
p l u s  the  red u ct i on  i n  rad i a t i on l os s  t hro u g h  s trong s c reen i n g of the 
co l d n i g h t  s ky by the wa l l s ,  res u l t s  i n  the  l ower a i r l ayer be i n g wa rmer 
tha n the a i r l ayer a bove . 
Dayti me heat i ng  of the  upper s tra tum of  a i r a ppears  to l a g be h i nd  
th a t  of  the  l ower a i r s tra tum by a bo u t  50 m i n u te s . M i n i mum tempera tu res 
tend  to occur  s hort l y  befo re dawn wh i l e  max i ma a re mos t freq ue nt  between  
1 000 a nd 1 500 hours , a s  a t  the  other s i tes  mon i tored on  the  mou n ta i n .  
The  tempera ture d i fferences  of the  two s tra ta a re fou nd  to vary by a s  
much  a s  4 ° C o n  s un ny days a n d  a s  l i tt l e a s  0 . 3 ° C  o n  c l oudy days . 
T E M P E R A T U R E S  O N  S LO P E S  O F  D I F F E R E N T  A S P E C T  
I t  i s  po s tu l a ted that  beca u s e  o f  the  appa rent  tendency for c l ear  
dayt i me s k i es to  occur  i n  the morn i ng and  c l oudy dayti me s k i es to  occur  
after noon , s i te s  of ea s te r l y  a s pec t on Mt Wi l he l m  s hou l d h a ve very 
d i fferent therma l c l i mates  from s i te s  of wes ter l y  a s pect  ( Sm i th R . M . B . , 1 9 74 ; 
Hnat i u k, 1 9 75 ) . Attempts we re made i n  1 9 70 to meas u re the  effects of 
a s pect  a nd  topogra ph i c  d i fferences  on tempera tu re by the  u s e  of S i x ' s  
s ty l e max i mum-mi n i mum thermometers whi c h  were p l aced  a t  0 . 4  m a bove 
g round ( a bout  p l a n t  canopy l eve l ) and s h i e l ded from d i rect s o l a r  rad i a -
t i on by sma l l vent i l a ted  s c reens  of corruga ted a l umi n i um .  
From May to October 1 9 70 , wee k l y  ob serva t i on s  were made a t  fou r  
p l aces  i n  De s ch amps i a  k l o s s i i t u s s o c k  g ra s s l a n d  between 42 50  m 
38 
and  4300 m a nd wi th  s l ope an g l e s  of  22 ° - 2 8 ° . The p l a ces d i ffered i n  
both a s pe c t  a nd to pog ra p hy : A was s i tua ted a t  4300 m o n  the  exten s i ve 
eas t  s l opes  o f  Mt W i l he l m  a bove  the  Pi nda u nde  va l l ey ( nea r  s i te 5 :  
F i g u re 2 )  whi l e  B ,  C ,  and  D were s i tua ted a t  4 380 m o n  t he  wa l l s  a bout  
60 m above  the fl oor  of  a sma l l ,  g l a c i a l l y  s co ured  v a l l ey ( near  S i te  6 :  
Fi g u re 2 ) . Area B fa ced northea s t ,  C faced s outh , a n d  D faced wes t .  B 
was s i tua ted on  a b en c h  o n  the  va l l ey wa l l wi t h  over  100  m of wa l l 
r i s i ng above  i t ;  C wa s on  a s teep va l l ey wa l l wi t h  no b en ch and  a bo ut  
50  m of  wa l l a b ove  i t ,  wh i l e  D wa s o n  a s teep s l ope  b ut w i th  o n ly  30  m 
o f  wa l l above  i t . 
A 
B 
c 
D 
Tab le 7 :  SUMMARY OF WEEKLY TEMPERATURES AT  FOUR SITES OF 
DIFFERING ASPECT AND TOPOGRAPHY BETf.fEEN 4 300 M 
AND 4 350 M; MT WILHELM, 19 70 
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near s i t e  5 ,  1 1  1 6 . 9  1 .  7 - 4 . 5  1 .  7 1 8 . 5  - 7 . 0  F i gure 2 
7 1 5 . 6  3 . 0  - 4 . 1  1 .  7 2 0 . 5  - 6 . 0  
near s i t e  6 ,  1 9  1 5 . 3  3 .  1 - 4 . 2  1 .  4 1 7 . 0  - 7 . 0  Figure 2 
2 2  1 7 . 1 3 . 3 - 1 . 1 1 .  2 2 2 . 0  - 3 . 0  
The res u l t s of  the  mea s ureme nt s from th es e four p l a ces  a re pres en­
ted  i n  Tab l e 7 .  The mos t cons p i c uou s  tempe ra ture d i fferences a re 
found i n  t he  mean  mi n i ma ,  th e mean  wee k l y  ma x i ma be i ng s i m i l a r .  The  
mean  m i n i ma wh i ch a re proba b l y  n i g ht - ti me p henomena a re s i g n i f i c a n t l y  
d i ffe re nt ( t- tes t :  p = 0 . 0 1 )  o n l y  for D wh i c h i s  co ns i s ten t l y  wa rmer by 
3 9  
a b o u t  3 ° C .  I t  appears  tha t a t  the fou r  p l aces , a s pect  i s  of i mportance 
a t  C and  D and  topog ra phy ( p roba b l y by contro l l i ng the q u a nt i ty and 
d i rect i on of co l d  a i r  f l ow and  pond i ng a t  n i g h t )  i s  i mporta nt a t  A and  
B a s  a determi nan t of p l a nt  canopy l eve l  tempera ture s . 
I n  1 9 7 2 , a further  a ttemp t was made to g a uge  the  i mportance of 
a s pect  i n  re l a t i on to p l a n t - l eve l  a i r  tempera tures . T hree s i tes  were 
s e l ec ted , e ach  h a v i ng s l opes  of oppos i ng a s pect  but of s i m i l a r ang l e  of 
s l ope and vegetat i on cover  a nd  i n  c l o s e  prox i m i ty .  1 Dobb i e 1  ma x i mum 
and  m i n i mum thermome ters ( a t P i nda u nde  near  S i te 3 )  or  S i x ' s  s ty l e ma x ­
mi n thermome ters ( a t  t he  two h i g her  s i tes ) were l a i d  on t h e  ground 
( s en sor  a t  0 . 0 1 m above  g round ) s h i e l ded by ven t i l a ted s c reen s  of 
corrug ated a l umi n i um i n  po s i t i on s  where they were u n s haded by overh a n g ­
i n g fol i a ge . 
At P i nda u nde ( 3480 m )  t hermome ters  we re p l aced on oppo s i ng 
a s pects  of a sma l l i ce - rounded h i l l oc k  covered by peaty s o i l and  tu s s oc k  
g ra s s l a nd .  T h e  h i l l oc k  l ay near  the re searc h  s ta t i on i n  the bottom of 
the  P i nda unde va l l ey ,  the  s l opes  where the  t hermome ters we re p l aced 
h av i ng  a s pects  of p rec i s e l y  90 ° and 270 ° . T he  two h i g her  s i tes both  
l ay a s tr i de r i dges , near  R i dge Camp on the  Bog u n o l to Ri dge  a t  40 20 m 
( S i te 4 )  a nd on a c o l  of the ma i n  s umm i t r i dge  about  300 m northwe s t  of 
Sadd l e Camp ( S i te 7 ) . T hermometers  were p l a ced a bo ut  10  m be l ow the 
r i dge  crest i n  each  c a se . At 3480 m the  thermomete rs we re observed  and  
reset  a l mo s t  every day for nea r l y  14  wee k s  ( May to September ) .  At the  
two h i g h er s i te s  they were  obs erved at  i n terva l s of 1 - 1 8 and  1 - 25 days 
and for 1 9  and 10 wee ks  res pect i ve l y .  The a s pects  of the s l opes  a t  
4020 m were 35 ° a n d  2 10 °  a n d  a t  4380 m ,  6 5 °  a n d  245 ° . T h e  vegeta t i on 
at 40 20 m wa s s hort  g ra s s l and  wh i l e  at 4380 m mos t of the  s u rface 
con s i s ted of  bare roc k o r  fro s t - h ea ved g ra ve l . 
M i n i mum temperatu res were genera l l y  l ower on s l opes  fac i ng  eas t 
a t  a l l a l t i tudes . A l mo s t  a l l the m i n i mum temperatu re records from 
3480 m ,  a maj or i ty from 4020 m and  a l l from 4380 m s how th i s  trend 
( F i g u re s  1 2 , 1 4  and  1 5 ) . Max i mum temperature s  by contra s t  are h i g her  
on eas tern than  on wes tern  s l opes ; a l l records a t  40 20 m and a l mo s t  a l l 
a t  4380 m s upport  t h i s expec ted conc l u s i on ( F i g u res  1 4  and  1 5 ) .  
The  s i tuat i on a t  3480 m i s  l e s s  c l ear  ( F i g ure 1 2 ) , a l t hough  the 
average  of  a l l recorded ma x i ma on the  ea s tern s l opes  ( 29 . 3 ° C )  i s  h i g her  
than  t hat  for  the wes te rn ( 28 . 5 ° C ) . H owever  a factor  comp l i c at i ng th i s 
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SEPTEM B E R  ( 1 972 ) 
FIGURE 1 2 .  (A, above) : Maximwn and minimwn air temperatures at ground leve l on s lopes of opposing aspect at 
Pindaunde, 34 80 m in 1 9 ?2 (near si te 3) . 
FIGURE 1 3 . (B, be low) : Maximwn and minimwn air temperatures at ground leve l on s lopes of opposing aspect during 
days wi th c loudy afternoons at Pindaunde, 34 80 m in 1 9 ?2 (near s ·i te 3) . 
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D. Tem perature on westward s lope o l � � � w  � � 
( 1972) MAY J U N E  J UL Y  A U GUST SEPT E M BER 
FIGURE 1 4. (A , above) : Maximum and minimwn air temperatUt'es at ground leve l on s lopes of oppos ing aspect  at 
4020 m a l ti tude on Mt Wi lhe lm in 1 9 72 (si te 4 ) . 
FIGURE 15 .  (B, be lOUJ) : Maximwn and minimwn air temperatures at ground leve l on  s lopes of opposing aspect at  
4380 m a lti tude on Mt  Wi lhe lm in  1 9 72 (site 7) . ..J::> ....... 
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i nves t i gat i on  i s  that  the peri od i n  1 9 7 2  dur i ng wh i c h  observat i ons  were 
made was u n u s ua l l y  dry and c l o u d l e s s  by c ompa r i s o n  wi t h  the common 
wea ther  i n  wh i c h the  da i l y ma rch  of  cond i t i on s  i n c l udes  the  preven t i on  
of d i rect  i n s o l a t i on  by  c l o ud  between  m i d -morn i ng a nd  s u n s e t . I f  on l y  
days recorded a s  be i ng  c l o udy i n  the  afternoon a re con s i dered , a max i ­
mum temperature pa ttern con s i s tent  w i t h  the  genera l wea ther  pa ttern 
mi g h t  be expected to re s u l t .  W hen t h i s i s  done h i g her  ma x i mum 
tempera tures  a re fou n d  to p reva i l  on e a s tern than  on  wes tern s l opes  a t  
3480 m ( F i g u re 1 3 ) . The  v a l l ey fl o or  l ocat i on  of  t h i s s i te may a l s o  
affect  tempe ra tures  by c o m p a r i s o n  w i th r i dge - c res t s i tes . I n  a dd i t i o n ,  
c l o u d  may fi l l  one  va l l ey but  not  a nother, wh i c h wou l d h ave  a n  effec t 
u pon the  therma l c l i ma tes  of  oppo s i te s i des  of  r i dges . 
I t  i s  ea sy to attr i b u te h i g h er  ma x i mum tempera ture on  e a s t ­
fac i n g s l o pe s  t o  a l o nger  per i od of i n s o l a t i on  d ue  t o  a l owe r freq uency 
of  morn i ng  than  of  afternoon  c l o ud . L owe r m i n i mum tempe ra tu res on  the  
s ame s l opes  are l e s s  e a sy to exp l a i n ,  but  may be due  to the  re l a t i ve  
drynes s of  the  s o i l s .  Dr i er s o i l s  we re o b s erved  i n  the  f i e l d o n  e a s t ­
fac i ng s l opes , es pe c i a l l y  a t  40 20  m ,  po s s i b l y  t h ro ug h  greater  eva pora ­
t i on  of  s o i l wa ter under  cond i t i o n s  of g rea ter i n s o l a t i on  and  h i g h e r  
max i mum tempera t u re than  occu rs on  wes tern s l opes . Dry i ng  of  t h e  s o i l 
i nv o l ves  re p l acemen t of wa te r i n  s o i l i n ters t i ces  by a i r ,  h a v i ng the 
dua l effect  of  l ower i n g  both  the  t herma l cond u ct i v i ty and the  s pec i f i c 
h eat  of the  s o i l . There fo re the  s u rface of the  d ry s o i l i s  i n s u l a ted 
from the res i dua l h ea t  of  the s o i l wh i c h i s  i t s e l f re duced  compa red 
w i th the  moi s t  s o i l . Un der  s u c h cond i t i on s  t he  s u rfa ce  of  the  dry s o i l 
can  be expec ted to heat  and  coo l  i n  re s po n s e  to rad i a t i on both  to a 
g rea ter extent  and  more ra p i d l y  than  wo u l d o cc ur  over a mo i s t  s o i l .  
Cons eq ue nt l y ,  t he  a i r  i mmed i a te l y  over  the  dry s o i l of  ea s t- fa c i ng 
s l o pes  wi l l  reach  both  h i g h e r  and  l ower tempera tures  th a n  a i r  over  mo i s t  
s o i l on  wes t- fa c i n g  s l opes . A n  i n d i c at i on  of  t h e  da i l y d u ra t i on  of 
tempera tures on  the  no rth - no rthea s t  a s pect  of  the  4020  m s i te i s  p rov i ­
ded by the  the rmo i s op l e t h  i n  F i g u re 1 6 . 
From the  few s e ts of m i croc l i ma t i c  o b s e rva t i o n s  a va i l a b l e fo r 
Mt W i l h e l m ,  the  fo l l ow i ng  con c l u s i on s  a re po s s i b l e :  
( a ) due  to the  freq ue n t l y  o b s e rved p atte rn of  c l e ar  morn i n g s  
a nd  c l o u dy afternoon s  s ome s l o pe s  of  ea s te rn a s pe ct  h a ve  
dr i er en v i ronme n ts wi th  h i g h e r  max i mum and  l owe r m i n i mum 
tempera tu res than  do  compa rab l e  wes t -fac i ng s l opes ; 
( b )  the d i fferences  between therma l c l i ma te s  of e a s t - a nd  
wes t- fac i ng s l opes  may be conf i ned to  the a i r l ayer 
be l ow 0 . 2 m and to the s o i l v ery near the s u rface ; 
( c )  l oca l topog ra phy by i ts i n fl uence  on shi e l d i n g  s ome 
s i te s  from e arl y morn i ng s u n  a s  we l l a s  control l i n g  
the movemen t  a n d  co l l ec t i on  of co l d nocturna l  a i r ,  
can  a ffect  the tempe ratu re env i ronment  of s i te s . 
SOIL AN D LA KE TEMP E RAT U RES 
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So i l tempera tu re s  we re recorded d ur i ng  1970 i n  tu s sock  g ra s s l and  
a t  3480 m ( near  S i te 3 )  and  4300  m ( S i te 6 ) . At the fo rme r , temperatu re� 
were mea s u red at 0 . 1 5  a nd 0 . 5 m beneath  s o i l s u rface by mea n s  of an Ota 
two - s e n s or record i n g  thermogra ph . Tempera tu res at both depths average  
7 . 5 ° C  var i ed  d i urna l l y  by  l es s  than  1 ° c  and  for any g i ven hou r  of the 
day by l e s s  than 0 . 5 ° C .  The re i s  no change  i n  temperature between 
peri ods  when the wa ter tab l e i s  at the s u rfa ce  and when i t  drops to 
more than 1 . 5  m be l ow s o i l s u rface . At thi s s i te ,  the effec t i ve energy 
exchange  s u rface i s  the one me tre h i g h tu s s o c k  canopy and not the so i l  
s u rface . Benea th a bare  s o i l s u rface or  a short  g ra s s  turf , the s i tu a ­
t i on may b e  d i fferent . 
At 4300 m ,  u s i n g a one- s ensor  Ota thermograph , beneath a 0 . 5  m 
h i gh tus soc k canopy and  on l y  0 . 025 m of so i l , the mean temperature i s  
0 . 58 ° C b u t  ra nged from - 6 °  to  + 1 7 ° c .  
Lake  tempera tu res  were mea s u red on 1 2 1  morn i n g s  from May to 
Septembe r 1 972  a t  0 . 05 m be l ow water s urface i n  an a rea near  the s o uth­
ea s t  s hore of the l ower Pi nda unde Lake where wa ter depth i s  about 0 . 5 -
1 . 0  m .  A mean  tempera ture of 10 . 7 ° C  i s  obta i ned wi th a range  of 8 . 9 ° 
to 1 2 . 8 ° C .  As  wou l d  be  expec ted , tempera tures  a re l owes t  after n i ght s 
wi th c l ear  s k i e s and  h i ghe s t  fo l l owi ng  c l ear  days wi th c l oudy n i ghts . 
I n  genera l , l a ke temperatu res fl uctuate very l i tt l e and  a re s i m i l a r to 
( though  h i g her  than ) the 1 . 5  m s c reened a i r temperatures  nea rby a t  
S i te 3 .  
F ROST AN D I CE 
There have been very few days on whi ch  freez i ng temperatures 
have been recorded i n  the Steven son  s creen at 1 . 5  m a bove g ro u nd a t  
Pi ndaunde  ( S i te 3 ) . A t  ground  l eve l , i n  open a reas  wi th s h ort vegeta t i on , 
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or  a t  c anopy l ev e l  i n  t he  tu s so c k  g ra s s l and ( 0 . 5 - 1 . 0  m a bove  ground ) , 
freez i ng a i r tempera tures  are common . Ground fro s t  can  oc c ur  on  any 
n i g h t  of  the  yea r when s k i es a re c l ear  and  con sequen t l y  occurs  mos t  
freq uen t l y d u r i n g  the  d r i e r  mon t h s  when c l ear  n i g h t  s k i e s a re mos t  
common . O n  average , i t  a ppears  t hat  there i s  g round  fros t o n  a bo u t  one  
q u a rter of the  n i g h ts i n  a year , but  g round  fros ts have  been recorded 
on over  50% of  n i g h ts i n  a yea r ( exc l u d i ng December , Jan u a ry ,  and  
February ,  for w h i c h  there wa s no d ata : Mcvean , 1 9 6 8 ) . Between mi d ­
Apri l and  mi d - Se ptember  1 9 72 , h oarfro s t  oc c u rred o n  a bout  50% o f  n i g ht s  
a t  the  P i nda unde Stat i on . I t  a ppea rs  t h at  g round  fros t i s  mos t  commo n  
d ur i ng  t h e  dr i e r ,  m i dd l e mon t h s  of the  yea r .  
Dur i ng f i ve mon t h s  from J u ne  to October 1 9 70 , ground  fros t above  
a s hort g ra s s  turf  a t  P i nda unde ( S i te 3 )  wa s recorded  on 35%  of n i g hts  
compa red w i t h  a 72%  frequency at  tu s s oc k canopy l e ve l nearby ( 0 . 6 3 m 
a bove g ro u nd ) .  From J une  to September  of the  s ame yea r ,  fro s t  occu rred 
on 88% of n i g h ts at tu s s ock  canopy top ( 0 . 5 m)  a t  4300 m ( S i te 6 ) . 
The n umber  of fro st  c h ange s  per  day h a s  not  been determ i ned for 
any s i te on  Mt W i l h e l m .  I n  genera l , fros t c hange  days  a re common a t  
ground  l ev e l  b u t  ra re a t  1 . 5  m above  l ow - growi ng vegetat i on . There 
a ppear s  to be great  var i a b i l i ty from year to year  a t  one s i te a nd from 
s i te to s i te d u r i ng one yea r .  A l l s ca l e s of to pog raphy proba b l y  have  
an  i mporta nt  i nf l uence , i n  t h at  the  o b s e rved v ar i a t i on  between  the  two 
P i ndau nde s i tes  i n  1 9 70 may be accounted for by the  fact  that  the  
P i nda u nde S ta t i on  ( S i te 3 )  i s  s i t u a ted on a sma l l k n o l l a bou t 10  m i n  
d i ameter  and  a bout  2 m h i g h , whereas  the tu s s ock  s i te i s  on a gen t l e 
s l ope of l a rge extent n ea r  the  o ut l et  of the l ower P i ndaunde  l a ke . The 
s l i g h t l y  ra i sed  s i te of the forme r cou l d protect i t  from co l d a i r  pond i n g .  
T he  vegeta t i on , a s  wo u l d  be expected , mod i f i e s  the  t herma l m i cro ­
c l  i ma te . Fo r examp l e  a t  Upper  v a l l ey ( S i te 6 , 4 300 m )  fro s t  oc c u rred on 
on l y  49% of n i g h t s  beneath  0 . 3 m of den s e  t u s s o c k  canopy , wh i l e  i t  
occ urred on 88% of n i g h ts  j u s t  above  the  s ame canopy i n  1 9 70 . The  therma l 
c l i mate  w i t h i n fore s t  i s  fa r more equ a b l e than  th a t  of adj acent  g ra s s l and . 
At about  3640 m a l t i tude northwes t of  the  u p per  P i nda u nde  l a ke mean 
wee k l y  temperature s  s how a d i ffe rence  between  ma x i mum and  m i n i mum i ns i de 
the fores t abou t 4 . 3 ° C l e s s  t han  i n  g ra s s l a nd , both  the ma x i ma and  
mi n i ma be i n g  l e s s  extreme i n  fore s t  than  i n  g ra s s l a nd  ( McVean , 1 968 ) . 
Mea s u rements  made i n  the  a l p i ne  vegetat i on on Mt Ke nya by Coe 
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( 1969 ) a nd Hedberg ( 1 964 ) and on Mucabaj { by A. P .  Smi th  ( 1 974 ) demon ­
s tra te furth e r  the  i ns u l a t i ng  pro pe rt i es  of  dens e l ayers of  l ea ves . 
Coe ( 1 969 ) and  Hedberg ( 1 964 ) po i nt ou t h ow t he  m i c ro-env i ronments  
created by the  p l a nt s  a re u t i l i zed  by an i ma l s .  
Need l e i ce ( p i p k ra ke )  wa s noted at  P i nda u nde ( S i te 3 )  on morn i n g s  
i n  J une , J u l y ,  Augu s t ,  a nd  September over  the  1966 - 72 per i od . S i g h ti n g s  
were mos t  common i n  J une  and  J u l y  and  ra nged from zero t o  s e ve n  t i mes 
per year i n  the Ap ri l to Nov ember pe ri ods  fo r wh i ch there a re records . 
The fo rmat i o n  of need l e i c e requ i res freez i ng a i r and  s o i l s u r­
fa ce  temperatures , u nfrozen  s u b - s o i l and  a s u p p l y  of wa ter ( Tro l l 1958 ) .  
Wh i l e  tempe ra t ures  be l ow o 0 c  a t  g round l e ve l  a re common a t  P i nda u nde , 
c l e a r  n i g h t s  when  freez i ng can  oc c u r  a re u s ua l l y  a c compa n i ed by per i ods  
of  d ry weat her , th u s  redu c i ng  the i nc i den ce  of nee d l e  i ce by l i mi t i ng  
the  s up p l y  of wa ter . From very s pa rs e  recordi n g s , i t  appears t hat  
need l e i ce occ u rs more freq uent l y  o n  Mt Wi l h e l m above  P i nda unde , t han  
a t  P i ndaunde i ts e l f .  
Hoarfro s t  ( r i me )  i s  freq ue nt l y  s e en i n  the  P i nda u nde va l l ey ,  
occa s i ona l l y  even  a s  l ow a s  a t  Komb u g l omamb uno  ( 32 1 5 m ) , e s pec i a l l y  
after  a c l ear  ca l m  n i g h t  wh i c h  fo l l ows  a l a te a ftern oon s howe r . The 
yea r 1 9 7 2  wa s nota b l e for fros t dama ge  to natu ral  and c u l t i va ted vege­
tati on as  l ow as  1 600  m a l t i tude  i n  parts  of  the New G u i nea H i gh l ands . 
On  the morn i n g s  of 3 1  May and  5 J une , 1 9 72 , b l a c k  p l a s t i c wa terp i pes  
1 m abo ve g ro u nd l e ve l  o n  t he  o u t s i de  of the  P i ndau nde res earch  s ta t i on 
were frozen s o l i d ,  a l tho u g h  m i n i mum tempera t u re s  of on l y  0 . 6 ° C  we re 
reco rded i n  a S teve nson  s c reen  i n  the  nea rby meteo ro l og i ca l  enc l os u re . 
Th i s emp h a s i s es  t he  i mpo rta n ce of radi a t i ve heat  l os s  i n  gene ra t i ng  l ow 
temperatu res  and  the  ame l i o ra ti ng  effect of p rotec t i on from s u c h  l os s .  
Natura l p rotect i on aga i n s t  rad i at i o n  fro s t  i s  a fforded by n i g h t- t i me 
c l o ud  cove r ,  and  i n s u l a t i n g  l ayers of vegetati on . 
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COMPAR I SONS AND D I SCUSS I ON 
TH E DI FF E R ENT VALL E YS O F  MT WILH E LM 
To date , a l l meteoro l og i c a l  mea s u rements  on Mt Wi l h e l m have  been 
made i n  the  P i nda u nde v a l l ey or  on i ts adj acent  r i dges . On l y  ca s u a l  
ob serva t i on s  have  been made i n  other  va l l eys . A s umma ry o f  the s e  
ob serva t i o n s  i s  p res ented be l ow t o  i nd i c a te the  exte nt t o  wh i ch observa ­
t i ons  i n  t he  P i nda u nde  v a l l ey refl ect  the  c l i ma te everywhere on Mt 
W i l h e l m .  I t  s eems p roba b l e t hat  the  c l i mates  o f  the  other  s o u thern  
v a l l eys  a re s i m i l a r to t hat  of the  P i nda u nde , a l though  c l oud  h a s  been  
s een to  f i l l  the  Guragu rag ug l va l l ey on  severa l  occas i on s  when the 
P i nda u nde va l l ey has rema i ned c l ea r , a nd on a t  l ea s t  one  occa s i on the 
reverse  has  been ob s e rved . 
The  I mbu k um v a l l ey ( Bu nd i  catc hme nt ) l i es north  of the  P i nda u nde 
va l l ey and  drops  s teep l y  towa rds  the Ramu r i ver , t h u s  fa c i ng the d i rec­
t i on  from w h i ch  mo s t  ra i n - bea r i ng a i r  movemen ts come . B u nd i , a t  1 400 m ,  
record s  very mu c h  more ra i n  t han  the  P i nda unde  v a l l ey .  Obs ervers nea r 
the  s ummi t of Mt W i l he l m  h ave  often reported s ee i ng m i s t  or c l oud  i n  
the  Imbu k um va l l ey when  there  wa s a c l ear  s ky over  the  P i ndau nde v a l l ey .  
Th u s  the  Imbu kum va l l ey i s  proba b l y  we tter and  c l o ud i e r than  the 
P i ndau nde va l l ey .  T he  h i g h  and  a pparen t l y  natu ra l fore s t  l i mi t i n  the 
Imb u k um va l l ey ,  u s u a l l y  a ttri b u ted to neg l i g i b l e  h uma n d i s t urbance 
( Smi th , 1 9 7 5 ) , may have  been  part l y ma i nta i ned by the  wetter c l i ma te 
h e l p i ng to wi th s tand  f i res  l i t by men . 
The  Be ndenumbu n o r  u pper  J i mi va l l ey may be d i v i ded i nto two 
c l i mat i ca l l y  d i fferent  s ect i o n s  wh i c h a re s epara ted by a narrow and 
preci p i tou s  r i g h t - a ng l ed bend i n  the  va l l ey between  the  two l a ke s  ( i . e .  
between  3580 m a nd 3 5 30 m ) . Frequent  obs erva t i o n s  from the  s umm i t a rea 
of Mt W i l h e l m  s u g ge s t  t h at  the u pper  s ect i on i s  proba b l y  c l i ma t i ca l l y  
s i m i l a r to the  P i nda u nde va l l ey b u t  t hat  the  l ower s ect i on  i s  m i s t i er  
and  mo i s ter . C l oud  h a s  been  s een  i n  t he  l ower sec t i on when  the  who l e 
s ummi t a rea i s  c l ea r .  
There i s  s ome bota n i ca l ev i dence  i n  s u p port o f  the  hypothes i s  of  
a c l oud i er c l i ma te for the  l ower s ect i on  of the  Upper  J i m i v a l l ey .  
Agapetes v i t i s - i daea , a s ma l l r h i z oma to u s  s h r u b , i s  c ommo n f r om 
be l ow 3 1 70 m to 3650  m ,  t h i s be i ng the  on l y  v a l l ey on Mt  Wi l h e l m where 
i t  occur s  ( excep t for a s i ng l e reco rd from Imbuka  R i dge ) . E l s ewhere 
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i n  New G u i nea ( �. Kubor range and Mt I a l i bu ) , i t  i s  a p l a n t  of moi s t  
h a b i ta ts . Ma ny o f  the  upper  J i m i v a l l ey p l a n t s  s u ffered fro s t  or  
dro u g h t  dama ge  i n  Aug u s t  1 9 7 2 . Hyper i c um papua n um a s ma l l s h ru b , 
i s  found  u p  to 332 2  m i n  the  upper  J i m i  va l l ey b u t  e l s ewhere o n  the  
mou n ta i n  i t  occurs  much  l owe r down ( �. u p  to o n l y 2926  m i n  the  
Pengag l va l l ey ) . Trees  a nd other  s h r u b  taxa , re s tr i c ted to the  fore s ts 
i n  t he  P i ndau nde va l l ey ,  a re found  i n  t he  g ra s s l a nd of  the  l ower v a l l ey 
s ec t i on  be l ow L a ke  Bandenumb u n . These  o b s erva t i o n s  s u g g e s t  t hat  there  
may be a m i l de r , mo i s ter  c l i mate i n  t he  l a tter v a l l ey compa red wi t h  
t h a t  o f  t he  P i nda u nde va l l ey .  
A common  d ry s ea son  wea t he r  pa ttern for the  u p per  J i m i v a l l ey 
i s  for pers i s tent  c l oud  to f i l l  i ts l ower s e c t i on  before noon , the 
upper part  rema i n i ng c l ea r o r , i f  c l oudy , c l ea r i ng  by a bou t 1 6 30 hr 
( G .  S .  Hope , pers . c omm . , 1 9 73 ) . On  a day of  except i ona l l y  c l e ar  
wea ther  i n  Augu s t  1 9 72 , th i n  c l o ud  f i l l ed t he  l ower s ec t i o n  from 1 400 h r  
u n ti l s u n set  w h i l e  t h e  u p p e r  sec t i on ,  a n d  s umm i t r i dge , a nd  proba b l y  mos t 
or  a l l of the  re s t  of the  mou n ta i n ,  rema i ned comp l ete l y  c l o u d l e s s . 
C O M P A R I S O N  W I TH O TH E R  R E G I O N S  
I n  Ta b l e 8 ,  some c l i ma t i c pa rameters for M t  Wi l h e l m  a re compa red 
wi t h  those  for o ther  trop i c a l  mounta i n s and for the s u b -Anta rc t i c 
Macq u a r i e I s l a nd . I t  i s  i nteres t i n g  to compa re the  fragmentary Mt 
W i l h e l m record wi th  tha t of  d r i er ,  con t i nenta l , trop i ca l  mou nta i n s i n  
Afr i ca . On  Mt Ki l i ma nj a ro , t he  a n n u a l prec i p i ta t i on i s  reported to 
r i s e  to a ma x i mum at 2440 m a l t i tude  a nd then  to fa l l off ra p i d l y  wi th  
i nc rea s i ng a l t i tude : Sa l t  ( 1 9 5 1 ) , recorded 1 7 78  mm ( 70 i nc h e s ) at  
2 7 4 0  m b ut  o n ly  ea  7 1 0 mm ( 2 8 i nc h e s ) a t  5790  m .  Coe ( 1 9 6 7 ) q uotes  
ea  762 - 1 7 78 mm ( 30 - 70  i n c he s ) fo r the  s u ba l p i ne  reg i on a nd 762  mm ( 30 
i nc hes ) for the  s umm i t reg i o n of  Mt Ke nya ( 42 6 7  m ) . 
For  each  tempera tu re pa rameter l i s ted  by Coe ( 1 9 6 7 ) for Mt Kenya 
( except  m i n i mum da i l y  ra nge ) , the d i ffe rences  i n  the f i g u re s  for the  
t h ree a l t i tudes  g i ven  a re a l mo st  d i rec t l y  proport i ona l to  the  d i fference s  
i n  a l t i tude . U s i ng th i s  re l a t i o n s h i p ,  i t  i s  pos s i b l e  to  i n terpo l a te 
for ea c h  p a rameter  to obta i n  the  p roba b l e va l u e s  on  Mt Kenya fo r the  
3480 m and  4400  m l eve l s .  It  i s  e v i dent  that  the  c l i ma te of  Mt Kenya 
i s  more extreme o r  1 c o nt i nenta l 1 t h a n  t h a t  of M t  W i l h e l m wh i c h cou l d  be 
termed 1 q u a s i - ocea n i c ' . M i n i mum tempera tures  on  Mt Kenya a re con s i dera b l y  
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:::i w c:t: I- w ::E: ----- :::E ----- w ----- w -----I- 0:: 0 c:t: 0 u u 1- U  f- U  ....... I- a: :::i Z o z o  :::i C> :::i C> I- w z w I- c:t: .......... c:t: .......... __J .......... __J .......... 
__J :::E c:t: 
0... ....... w w 0 0 
c:t: .......... w :::E __J ::E: ::E: (/) (/) ::E: w 0... co co I- ::E: c:t: c:t: c:t: 
N ew Guinea 
Mt Wi lhe lm ,  
34 80 3-4
* ( 1 9 7 0 )  1 1 .  6 4 . 0 1 6 . 7 -0 . 8  P ind aunde 7 ( 1 9 7 2 )  ea . 
B o rneo 
aMt Kinab a l u , 
3 3 5 3 8 1 5  5 . 3 1 8  0 . 6 Panar Lab an e a .  ea . e a .  
Java 
b 
Pan g erango 302 2  2 - 5  ? ? 1 2 . 8 6 . 5 
E cuado r c 
Co t opax i  36 0 0  8 . 6 7 . 5 5 . 4 1 7 . 3 - 1 .  5 
Cruz Loma 3 9 5 0  6 . 4 6 . 8 5 . 9 1 4 . 0 1 .  5 
Gomes s i a t  4 7 50 2 . 5 0 . 9 0 .  7 3 . 5 -2 . 0  
E as t  Af r i c a  
Mt Kenya 
d 
Na ro Mo ro Trk .  3 0 4 8  1 4 . 4 1 6 . 2 1 .  7 1 9 . 4  - 1 .  6 
Tel eki Val ley 4 1 9 1  8 . 9 5 . 3 - 3 . 6 1 1 . 0 - 6 . 7 
Mac q uar i e  I s land e 1 2  0 .  4- 1 .  9 ? ? 7 . 7 2 .  7 
a
Kinab a lu d a t a  f rom Augus t 1 9 6 7 , t emp e r a t u r e  f o r  only 1 4  d ays . 
Rain f a l l  ext rap o l a t ed f rom on ly 2 3  days . 
b 
Pang e ran go d a t a  f rom Tro l l , 1 9 6 4  
4 9  
z 
0 
....... I-
__J c:t: -----c:t: I- ::E: :::i ....... ::E: z o... .._... z ,...... 
c:t: u w 
a: 0... 
ea . 3 4 5 0  
ea . 3 30 0  
ea . 3500  
5 0 0 - 1 000 ? 
? 
? 
1 3 9 7  
8 8 9  
1 0 5 0  
c
Ecuado r t emp e r a t ure d a t a  f rom Tr o l l , 1 9 5 9 ; C o t o p ax i  p re c ip i t a t ion es t imat e  
f rom Oxfo rd At las , 1 9 6 6 . 
d 
Mt Kenya d a t a  f rom C o e , 1 9 6 7 .  
e
Ma equa r ie I s land d a t a  De  L is l e ,  1 9 6 5 and J enkin , 1 9 7 2 . 
* 
S e e  f o o t no t e  to Appendix 1 conc erning f i gures  f o r  F eb ruary 1 9 7 0 .  
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l ower t han  those  from t he s ame a l t i tude on  Mt Wi l he l m ,  the  mean m i n i mum 
be i ng bel ow 0 ° C at the former p l ace  at the a l t i tude of P i nda u nde . 
Max i mum tempera tures  a re , however , q u i te s i m i l a r .  T he  d i u r n a l  tempera ­
ture fl uctuat i on i s  con s i dera b l y  g reater  on Mt Kenya . The  a va i l a b l e 
c l i mat i c data fo r the  wetter , cen tra l Afr i c a n  Ruwenzor i  mou nta i n s a re 
s umma r i zed by Osma s ton ( 1 9 65 ) . He  h a s  fo und  we t and  d ry f l a n k s  on  
Ruwenzor i  w h i c h  a re re l a ted to the  reg i ona l  a i r  f l ow p rodu c i ng o rog raph i c  
prec i p i ta t i o n  on the  E N E  and  c rea t i ng ra i n s hadow on the  WNW . There  i s  
a r i s e  i n  p rec i p i ta t i o n  to about  2500  mm a t  3300 m a l t i tude on  the  E N E  
but  no  c l ear  c h a nge i n  a n n ua l  p rec i p i ta t i on a bove t h i s a l t i tude . 
Tempera tu res  on  Ruwenzor i  a re l e s s  extreme than  on t he  d ry E a s t  Afr i can  
mounta i n s a nd t h u s  more s i m i l a r to t ho se  fou nd on Mt W i l h e l m  ( �. the  
mean  da i l y m i n i mum a t  3962  m on Ruwenzor i  i s  a bout  - 1 ° C  wh i c h  i s  s i m i l a r 
to t hat  recorded a t  40 25  m on  Mt Wi l he l m ) . 
Mt P angrango  ( 30 2 2  m )  i n  Wes t  Java  and  Mt Ki naba l u ( 4 1 0 1  m )  i n  
Borneo a re s i m i l a r i n  therma l reg i me to Mt Wi l he l m  i n  that  temperatu res , 
wh i l e  be i ng l ow ,  f l u ctuate by on l y  a sma l l amo u nt bo th  da i l y a nd 
a n n ua l l y .  T h i s may demon s tra te the  modera t i ng i nf l uence  of the  nearby 
ocea n u pon t he s e  h i g h , mo unta i nou s  i s l a nd s  i n  contra s t  w i t h  the  cont i ­
nenta l i nf l u e nce  on  the  e a s t  Afri c a n  h i g h  mou nta i n s .  Some da ta not  
i nc l uded i n  F i g u re 3 1  h a s  recen t l y  become ava i l a b l e from A l l i s on  for  
Mt Car stens z i n  I r i a n J aya . At  4200 m d ur i ng ea r l y  1973  ( 3 1 / 1 to 1 7/ 2 )  
mea n  a i r tempera tu re ra nged  from a l ow o f  2 . 9 ° C a t  0200  h r  to a h i g h  of 
8 . 9 ° C  a t  lOOO h rs wh i l e  re l a t i ve humi d i ty ra nged  from 96 . 2% ( 1800 h r s ) 
to 7 3 . 1 %  ( 1000 h rs ) .  Mea n  mi n i mum temperat u re be tween  2 5 / l a nd 1 7 / 2 / 7 3  
wa s 1 . 6 ° C  a n d  the  mea n max i mum wa s 7 . 4 ° C .  Extreme temperatures  we re 
9 . 3 ° C  and 0 . 2 ° C .  From the i ncomp l ete prec i p i tat i on  records  i t  appears  
t hat  the  a n n u a l  tota l cou l d  be 2300+ mm . I n  compa r i s o n  wi t h  Mt 
Car s te n s z  i t  seems that Mt Wi l he l m  may be l e s s  h umi d ,  a l i tt l e coo l er , 
perhaps  have  a h i g h e r  a n n u a l  p rec i p i ta t i on but  a g reate r  s ea s ona l ra nge  
of mon t h l y  preci p i ta t i on  tota l s .  
The  h i g h  mou nta i n s  of  t he Co l omb i a n  and  Ecuador i a n  Andes  exh i b i t  
both cont i nenta l a nd ocea n i c i nf l u ences  depen d i ng  u pon t he i r l oc at i on  
( Sc hm i d t , 1 9 52 ) .  T he se  South  Amer i can  mou nta i n s d i ffe r from the  i s o l a ted 
Afr i ca n , I ndones i a n ,  
sys tem o f  mounta i n s .  
i s op l eth  d i a gram fo r 
a nd New G u i nea n pea k s  i n  be i ng part  of a ma s s i ve 
For compa r i s on wi t h  Mt Wi l h e l m  data , the  thermo ­
E l  Mi s t i , Peru  ( 4 760 m )  i s  s hown i n  F i g u re 9 .  
Another  i ntere s t i n g  compa r i son  can  be made between Mt Wi l he l m  
FIGURE 1 6 . Thermoisop leth for tussock grass land 0 . 3 m 
above ground at 4020 m near Ridge Camp, 
Mt Wi lhe lm (si te 4 ) . 
FIGURE 1?. Thermoisop le th for Macquarie Is land. From 
C.  Tro l l, 1964, by courtesy of the Author, 
and the Edi tors of Erdkunde. 
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a n d  Macquar i e  I s l a nd  i n  t h e  Au s tra l i an s u b-Anta rct i c  reg i on .  T h e  
i s l ands  of  t he  s ub -Antarct i c a re noted  for t he i r extreme temperature  
con s ta ncy ,  both  d i u rna l and  a nnua l ( Tro l l ,  1 958 )  and  as  s u c h  t hey bear 
a resemb l ance  to t he  h i g h  eq uator i a l  mou n ta i n s . Macq u a r i e  I s l a nd h a s  
an  annua l temperature ra nge  of  o n l y  4 ° C  a nd  a d i u rna l f l u c tu a t i o n  o f  
l es s  t h a n  2 ° C .  F i g u re 1 7  s hows a thermo i s op l eth  d i ag ram ( from Tro l l ,  
1964 ) fo r Macq uar i e I s l a nd . From t h i s d i a g ram i t  i s  c l ea r t hat  t he  
pattern of t he t he rma l c l i ma te of  Macq u a r i e I s l a n d  i s  c l o s e r  to  t h at  
of temperate l a t i tude s i te s  t ha n  to  t hat  of trop i ca l  mou n ta i n s i n  t h at  
the  i s o l i nes  o f  the  former tend  to  t he vert i c a l  ra ther  than  to  t he  
hor i zonta l , i nd i ca t i ng  t he  domi nance , t hough  wea k , o f  s e a s ona l f l u ctu ­
at i on over  d i urna l f l uctua t i on  i n  the  s u b -Antarc t i c .  Re l a t i ve  humi d i ty 
i s  a l s o  con s i s tent l y h i g h on  Macq u ar i e I s l a nd . Howev e r , t he  s i mi l a r i ­
t i e s  of t he  vegeta t i on  of  the  two c l i mat i c reg i on s , a n  a b u ndance  of 
l arge tu s soc k g ra s s e s  and  g i ant- l eaved herbs , tend to emp ha s i ze the 
i mporta nce of the  s i m i l a r i t i e s  of  c l i mate  ra ther  than t he  d i fferences . 
Free z i ng  a i r temperatures  a re exper i enced for s hort  p er i od s  of a few 
hours  to , at mo s t , a few days i n  bot h  reg i ons  at a ny t i me of year  -
a bove  freez i ng tempera tures  be i ng more common . Macq u a r i e I s l a nd  and  
the s u b -An ta rct i c i s l a nds  i n  gen era l a re noted for t he i r perpetua l l y 
b l u s tery wea ther  w i th  g a l e force wi n d s  be i ng common ( De L i s l e ,  1 9 6�; 
Fa br i c i u s ,  1 9 5 7 ) a n d  a s  s u c h  a re very d i fferent from the  equator i a l  
h i g h  mou n ta i n s .  
I t  i s  temp t i ng  to refe r to t he  ' ocean i c i ty '  of s ome of  t he  
equator i a l  h i g h  mou n ta i n s  beca u s e  of t he  ra ther narrow range 
of mean tempera tures  near  b u t  a bove  freez i ng po i nt , and the genera l 
ever- h umi d c h a ra cte r of the  c l i ma te . God s ke ( 1 964 ) a p p l i ed Kot i l a i nen ' s 
I ndex  of  Ocea n i c i ty to s i te s  i n  Norway and  fou nd no v a l u e s  a bove 4 1 7  
(m i n i mum of  1 0  a n d  mo s t  near  mea n 1 00 ) . Poore a n d  Mcvea n  ( 1 9 5 7 ) found 
v a l u e s  of 1 18-467  for Scot l a nd . I f  t h i s I ndex K = <�0��) 
wher e N = p r e c ip i ta t ion (mm) 
dt = numb er of days each year  with mean t emp e r a t u r e s  of O- l o 0 c ,  and 
6 = the d i f f e r en c e  b e tween mean t emperatures  of the c o l d e s t  and 
warmes t  months  
i s  a p p l i ed to s ub-Antarc t i c or nea rby i s l a nd s  v a l u e s  of  590 to 1 1 00 a re 
obta i ned ( Tab l e 9 ) . W hen  extended to the  equator i a l  h i g h  mou nta i ns the  
va l ues  r i s e  to n ea r l y  1 2 , 000 ( P i ndau nde = 6300 ) .  Th u s  s i te s  w i th c o o l  
' ocean i c '  c l i ma te s  may be prov i s i ona l l y  d i v i ded  i n to t h ree g roup s : l ow ,  
med i um , a nd h i  g h 1 1  K 1 1  • 
Tab le 9 :  KOTILAINEN ' S  INDEX OF OCEANICITY APPLIED TO 
TROPICAL HIGH MOUNTAINS, SUB-A NTARCTIC ISLANDS 
AND NORTH TEMPERATE REGIONS 
Norway 
S c o t l and 
Gough I s land 
Macquari e  I s land 
Campbe l l  I s l and 
Mt Kenya 
Mt W i lh e lm 
Mt Pangrango 
Cruz Loma 
a Godske , 1 9 4 4 . 
b 
P o o r e  and Mcve an , 
c 
Wac e , 1 9 6 1 .  
d 
J enkin 1 9 7 2 . 
3 0 4 8m 
4 1 9 lm 
3 4 8 0m 
3 9 5 0m 
1 9 5 7 . 
1 0- 4 1 7 a 
1 1 8- 4 6  7
b 
ca . 5 9 0
c 
9 6 2
d 
c a . 1 1 0 0  
ea . 1 0 2 0 - 1 0 20 0  
ea . 6 5 0 - 6 5 0 0  
ca . 6 3 00  
ca . 9 8 0 0  
ca . 1 1 9 00  
Wi thou t comp l e te a n n u a l  data  from the  Afroa l p i ne ,  o r  equator i a l  
Andes , o n e  c a n  on l y  pos tu l a te what  1 1 K 1 1  m i g h t  b e  there . For examp l e ,  
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M t  Kenya a t  3048 m h a s  a ra i nfa l l of  1 39 7  mm ( Na ro Moro Tra c k : Coe , 
1 96 7 )  a nd 889 mm a t  4 1 9 1  m ( Te l e k i  v a l l ey ,  ibid ) . I f  i t  can  be a s s umed 
tha t v i rtua l l y  a l l days  of t he  yea r wi l l  h ave  a mean temperature of 
between 0 a nd 1 0 ° C ,  t hen  t he " K" fo r the res pec t i ve  s i tes  a re a bout  
1 020 to 10 , 200 , a nd 6 50  to 6500  ba sed  on  6 ' s of  5 . 0  and  0 . 5 res pect i ve l y  
a t  each  s i te ( th i s ra nge  o f  6 1 s i s p roba b l y  a rea l i s t i c g ue s s g i ven  the 
very near equator i a l  l oca t i on of Mt Kenya ) .  S i n ce the  Naro Moro s i te 
h a s  a mea n tempera ture  max ; min of  8 . 9 ° C  and  mean  max of 16 . 2 ° C  i t  
i s  po s s i b l e  t hat  s ome days wou l d h a ve a mean  of  g reater  than  10 ° C  and  
s o  reduce  the  va  1 u e  of 1 1  K "  (�. a 1 0% redu ct i o n  i n  dt  wou l d  reduce 
" K" by 10%  i f  other  fac tors  are  u n c ha nged ) .  S i nce  the  Te l e k i  v a l l ey 
s i te h a s  a mean tempera ture of on l y  0 . 85 ° C ,  i t  i s  s i m i l ar l y po s s i b l e  
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that  s evera l days a yea r wo u l d have  a mean tempera ture l e s s  t han  o 0 c  and  
so  red u ce " K" .  However , i t  i s  c l ear  t hat  between  3000 m a nd 4000  m on 
Mt Kenya " K" s pa n s  the  broad ra nge of va l u e s  between the  s u b -Anta rct i c 
and  Mt Pangra ngo . 
Kot i l a i ne n ' s I ndex wa s dev i sed  to br i ng order i n to the  i n terpre­
tat i on of ocea n i c Y2._ cont i nenta l c l i ma te s  i n  north  tempe ra te a rea s . 
I ts exten s i on to o ther  parts  of t he earth  req u i re s  a new a p proa c h  i f  i t  
i s  to be wi de l y  u s ed i n  b i ogeograph i c  wo rk . A s te p  towa rd s def i n i ng a 
new mea n i ng of  t he  i ndex  m i g ht be s o u g h t  by comp i l i ng " K" for a s  l a rge 
a n umber of  s i te s  i n  as  ma ny d i fferent parts  of  the  earth as  po s s i b l e 
( a nd a p p l i ca b l e ) , a nd s ee i ng  i f  a ny n atura l  g ro u p i ng s  or  c l i ne s  a re  
fou n d .  A s  a n  i ndex of ocea n i c i ty i t  i s  of  course  l i m i ted to  coo l  
reg i on s . T he  h i g h l y  ocean i c  a to l l s  a nd  coa s ts of t he  trop i c s can not  be 
compared by the u s e  of  " K" beca u s e  of  the  restr i c t i ons  p l a ced o n  dt . A 
pro b l em a l s o  a r i s e s  w i t h  sma l l ,  a r i d i s l a nd s  s u rrou nded by exten s i ve 
a reas  of ocea n . The  c l i mate of  s u c h  i s l a n d s  i s  s tron g l y  con tro l l ed by 
the  s u rrou nd i ng ocean  and  s ho u l d be  c a l l ed ' ocean i c ' , b u t  sma l l N v a l u e s  
wou l d  mean sma l l " K" v a l ues  a nd t h u s  l ow ocean i c i ty .  
I t  wou l d  perh a p s  be be s t ,  i n  v i ew o f  the  range  of data  i n  Ta b l e 9 
a nd the  a bove ment i o ned l i m i tat i on s  of " K" i n  certa i n ocea n i c e n v i ro n ­
men ts , to re s tr i c t  the u se o f  Kot i l a i ne n ' s I ndex  t o  t h e  c l i ma t i c reg i o n 
for wh i c h i t  wa s or i g i na l l y  conce i ved . To a ttempt to extend  i t  to other  
a rea s o f  t he  earth  may res u l t  i n  m i s l ead i ng compar i so n  bec a u s e  s i te 
1 ocean i c i ty 1  i s  not  a l ways d i rec t l y  proport i ona l to " K" .  
S UMMA R Y  A N D  C O N C L U S I O N S  
The  c l i ma te o f  the  u ppe r  reg i o n s  o f  M t  W i l h e l m  a ppears  to be 
s i m i l a r to that of other h i g h , eq u a to r i a l , mou n ta i n s , but typ i f i e s the 
more ' ocea n i c '  type of  c l i ma te of the  i s l a nd mo u n ta i n s  i n  contra s t  to the 
cont i nenta l mou nta i n s  of  Afri ca and So uth  Amer i ca .  The  s c reen tempera ture s  
a t  1 . 5  m a bove  g round  a re l ow for  trop i c a l  l a t i tudes  b u t  are  re l a t i ve l y  
u n c h ang i ng  from day to day a n d  yea r t o  yea r .  The  g reate s t  var i a t i on  i s  
seen  i n  t h e  d i u rna l f l u c t u a t i o n , b u t  even  th i s  i s  sma l l .  The therma l 
c l i ma te near  the  g round  o r  act i ve energy exchange  s u rfa ce i s  more extreme 
tha n that  a t  1 . 5  m a bove  l ow vegeta t i on ;  the  g rad i e nt of tempera tures  
from g ro u nd l eve l to 1 . 5  m i s  s teep  a nd a t  t he  g reater  he i g h t  i t  i s  tru n ­
cated  at  b o t h  u pper  a nd l ower extremes o f  tempera t u re . Gro u nd fros t can  
occur  a ny c l ear  n i g h t  of  the  yea r ,  b u t  freez i ng temperatures  i n  the  
s c reen a t  1 . 5 m ( a t  3 4 8 0  m l ev e l  o n  the  mounta i n ) are  ra re . 
Ra i nfa l l on  t he mou nta i n  i s  ma rked l y  s ea sona l . I ts amount  i s  
h i g h , b ut  i ts v ar i a t i on  wi t h  a l t i tude o r  a s pect on Mt W i l h e l m i s  
u ncerta i n .  
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Re l a t i ve  h umi d i ty f l u ctu a t i on  i s  of  s pec i a l  i n tere s t  i n  t h a t  i t  
a ppears  to be unre l a ted to d i u rn a l  temperature var i a t i on . An i nfl u x  
of dry a i r a t  a ny t i me of day or  n i g h t  i s  a cons p i c uou s  a n d  common 
feature apparent l y connected wi t h  s u b s i dence  i n vers i on s  of dry a i r s trata 
of  the u pper a tmo s ph ere . 
Hours  of  br i g h t  s u n s h i ne a ppear to be l e s s  than  2 5% of the 
po s s i b l e  n umber beca u s e  of  t he  predomi nance  of  c l oud . I n s o l a t i on , 
however , i s  a bo ut  t he  s ame a s  t hat  rece i ved dur i ng the  s ummer on north  
temperate mou n ta i n s .  
Potent i a l  evapotra n s p i ra t i on  s eems to be genera l l y  l ow ,  and  
wa ter i s  proba b l y  s e l dom l i m i t i ng to p l a n ts , a l t ho u g h  if  fi ner mea s ure­
ments were  made ( e s pe c i a l l y  d u r i ng  the  more  pro l onged dry per i ods ) , 
tempora ry wa ter s hortage s  wou l d  proba b l y  be detec ted . 
A l thoug h wi nd mea s u rements  have  not  been made on Mt W i l h e l m ,  
c a s u a l ob serva t i on  h a s  l ed to the  i mpres s i on t h at  t he gent l e ebb  and  
fl ow of  u p - a nd down - va l l ey wi nds  predomi nate . W i nds  i n  the  s ummi t 
reg i on ,  however , may be  con s i s tent l y  s tronger  and  the  res u l t of  q u i te 
d i fferen t fa c tors from those  opera t i ng  i n  the  v a l l eys . 
M i cro - c l i ma t i c v a r i a t i on ha s been s tu d i ed i n  re l a t i on to s i te 
a l ti tude , a s pect , topogra phy , a nd vegeta t i on  cover . Wh i l s t the records 
do not depa rt from g enera l expecta t i ons , they do prov i de da ta on  the 
degree  o f  var i a t i on  to be  found  i n  compa r i son  wi th  s ta nda rd meteoro l og i c a l  
o b s erva t i o n s . 
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5 .  6 
1 7 .  8 
l .  4 
1 3 .  9 
2 .  8 
2 1 . 1  
- 2  . 8  
1 3 . 1 
2 .  8 
2 1 . 1  
- 2 . 5 
1 1 . 6  
3 .  7 
1 7 . 4 
- 0 . 5  
1 2 .  8 
2 .  2 
1 9 .  2 
- 3 .  9 
1 2 .  2 
l .  7 
1 5 .  6 
- 6 .  9 
1 0 . 0 1 2 . 1 
3 . 1  3 . 3  3 . 3  2 . 8  
1 6 . 7 1 8 . 7 
- 2 . 2  - 0 . 6 -2 . 2  - 3 . 0  
1 1 .  9 
2 .  2 
1 9 .  4 
- 3 .  3 
1 3 . 1 
4 .  4 
1 9 .  4 
- 1 .  7 
1 ] .  7 
l .  7 
20 . 0 
- 3 .  6 
1 2 . 3 1 2 . 5 1 3 . 1 
3 . 1 2 . 8  4 . 8  
2 1 . 1  2 1 . 6 2 1 . 9  
1 3 . 9 1 0 . 5 
o .  6 
2 4 . 4 1 6 . 4 
1 1 .  3 
4 . 3  
1 9 .  2 
o .  5 
1 1 .  7 
4 .  2 
1 6 .  7 
- 1 .  l 
1 2 .  9 
2 .  9 
1 9 .  7 
- 2 .  5 
1 1 . 4  
4 .  6 
1 6 .  2 
l .  4 
1 1 .  4 
3 . 6  
1 4 .  7 
- 2 .  2 
1 1 .  7 
3 . 5  
2 1 . 7 
- 2 . 8  
1 1 .  2 
4 .  9 
1 4 .  7 
o .  7 
1 1 .  6 
5 .  3 
1 3 . 1 1 1 . 2 1 2 . 0 1 0 . 3 
4 .  l 
4 . 1 5 . 7  2 . 8  4 . 5  
-0 . 4  -0 . 9  - 2 . 2  0 . 3  
1 2 .  8 
3 .  6 
2 3 .  3 
- 2 .  2 
1 3 .  4 
4 .  2 
2 3 .  5 
0 . 1 
1 3 .  9 
4 . 4  
2 3 .  6 
-0 . 6  
1 2 . 9 1 2 . 5 
4 . 4  5 . 1  
2 0 .  0 
o . o  1 . 2  
1 0 . 0 
2 .  9 
-2 . 6 
1 1 .  7 
3 . 5  
1 8 .  6 
- 1 . 7 
1 2 . 6 
2 . 7  
2 1 .  4 
- 2 . 8  
1 1 . 7  
3 . 9  
1 8 .  2 
- 0 . 2  
1 1 . 4 
4 . 1 
- 0 . 3  
4 . 1  
0 . 7  
"' 
"' 
Month l 2 3 4 ) 0 0 , 1 0  
MARCH 
1 3 .  9 1 1 .  7 1 2 .  5 
5 .  3 5 .  8 
4 .  8 3 .  3 
APRIL 
1 0 .  5 1 1 .  3 1 2 .  4 9 . 7 1 0 .  8 9 . 7 1 1 .  3 9 .  5 1 1 .  8 1 0 . 9 
4 . 1 3 .  6 2 . 3  4 . 1  5 .  8 5 . 1  6 . 1  5 . 1  5 .  4 3 .  3 
21 . 3 2 5 .  3 2 2 .  5 1 5 .  3 20. 2 1 4 .  6 1 9 .  2 1 8 .  0 2 2 .  3 22 . 1  
[ .  7 - 6 . 0  - 3 .  3 - 1 .  4 4 . 4  1 .  9 2 .  6 4 . 1 2 .  3 - 1 . 7 
MAY 
1 1 .  9 8. 6 1 2 . 1 1 1 .  8 1 3 . 1 1 3 . 1 1 2 .  8 1 2 .  5 1 3 . 4 1 0 .  2 
5 .  3 5 . 8  3 .  9 5 .  6 4 .  2 3 . 4  3 .  5 3 . 8  3 .  2 4 . 3  
1 9 . 9 1 3 .  3 1 5 .  7 1 6 .  4 24 . 6 20 . 1 1 9 .  2 21 . 4 2 0 .  6 1 7 . 6  
2 .  4 [ .  7 - 1 .  l 3 .  4 o .  3 -2 . 1  - 1 .  0 - 1 . 0 -0 . 7 -0 . l  
JUNE 
8 . 6 9. 6 1 1 .  3 9. 6 9. 6 8. 4 7. 3 1 1 .  2 1 1 .  2 9 . 7 
3 . 1  4 .  2 3 .  2 5 .  l 3 .  4 4 .  4 4 . 6  4 .  7 4 . 8  3 .  9 
1 3 . 2 1 8 . 7 1 6 .  9 1 5 .  2 1 6 .  2 1 4 .  2 9. 3 1 8 .  3 1 9 . 3 1 3 .  7 
- ) .  2 [ .  0 - 0 .  7 - 1 .  0 -0 .  6 2 . 1  4 .  5 3 .  8 1 .  4 - 1 .  l 
JULY 
1 1 . ? 1 0 . 3 8. 8 1 0 .  3 1 0 .  2 8. 3 8. 6 1 1 .  2 8. 4 
4 .  3 2 .  2 4 .  7 2 . 8 2 .  8 3 .  2 3 .  2 3 .  9 3 .  2 3 .  2 
20 . ?  1 6 .  6 1 5 . 1 1 6 .  2 1 7 .  0 1 8 . 9 1 4 .  6 1 5 . 1 1 5 .  7 1 1 . ? 
o .  2 - 2 .  5 2 .  7 - 1 .  6 -2 . 0  -2 . 2 - 1 . 7 - 1 .  l 
AUGUST 
1 9 . 4 1 0 .  3 8. 1 
2 4 . 4  3 .  l 2 . 8  
3 1 5 .  6 1 7 . 2 1 6 . 1 
4 2 .  2 -0 . 6  - 0 . 3  
APPENDIX 9 :  PINDAUNDE , 3480m ,  TEMPERATURE , ' C ,  DATA FOR 1 9 6 7  
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  
1 1 .  4 8. 5 9. 4 1 1 .  4 1 1  . 1  1 1 .  8 1 0 . 9  1 2 .  3 1 0 .  4 1 1 .  4 9. 2 
5 .  0 5 . 6  5 . 0  5 .  3 5 .  6 4 .  l 5 .  8 4 . 4  4 . 5  4 .  5 5 .  0 
1 5 .  0 1 1 . 4  1 5 .  6 1 8 .  7 23 .  5 2 1 .  1 1 9 .  l 1 9 .  6 20 . 3  20 .  2 1 5 .  4 
4 . 4  2 .  2 1 . 1  5 . 1  0 . 6  [ .  7 2 . 0  4 . 0  
1 2 .  2 8. 3 8 . 4 8 . 4  1 0 . 0 1 1 .  2 1 0 .  9 9 . 2  1 1 .  2 9. 7 1 0 .  8 
[ .  9 3 .  9 3 .  6 4 . 1  3 . 1 2 .  7 3 .  2 4 .  9 5 .  2 5 .  2 3 . 1 
26 .  8 1 5 .  3 1 4 . 1 1 3 .  9 1 6 . 4  1 3 .  5 1 6 . 9 1 5 .  4 1 7 . 0 1 6 .  8 1 6 .  7 
- 3 .  4 0 . 6  -0 . l o .  4 -0 . 6  -2 . 1  -0 . 5  -0 . 7 1 .  7 5 . 1  - 1 . 0  
1 0 . 9 1 0 . 9 1 2 .  9 1 2 .  2 1 1 . 1  1 2 .  8 1 1 .  9 1 3 .  l 1 2 .  2 1 0 . 1 1 0 .  8 
4 . 4  5 . 6  4 . 5  3 .  7 5 .  6 4 . 4  4 . 6  3 .  9 4 .  7 4 . 4  4 . 1  
1 5 .  0 1 5 .  8 23.  2 20 . 4 22 . 2  23 . 9 2 1 . 2 2 6 .  3 20 .  3 1 7 .  7 1 6 .  7 
-0 . 4  2 .  2 - 1 . 0  - 1 .  l 2 .  2 - 1 . 8 - 1 . 6 - 1 .  6 o . o  - 1 .  l -0 . 3  
1 0 .  7 1 2 . 1 1 1 .  6 1 0 . ? 9. 3 1 1 .  4 1 2 .  8 1 1 .  4 1 2 .  2 1 1 .  4 1 0 .  3 
2 .  2 3 . 1 3 .  9 3 .  2 5 .  7 2 .  7 2 .  9 4 .  5 4 . 1  3 .  7 3 . 6  
1 2 .  6 1 9 .  3 1 7 .  3 1 5 .  9 1 4 . 9 1 9 .  6 21 . 3 1 7 . 8 1 7 . 6  1 6 .  4 1 5 .  8 
-2 . 4 - 1 .  7 -0 . 8  - 1 .  3 - 1 . 0  -2 . 3 -3 . 1  0 .  4 -2 . 3  -2 . 8 - 1 .  9 
1 3 . 1 
3 .  8 3 .  8 
1 5 .  6 
-0 . 8 
sc reen max ;  2 = screen min ; 3 :::::: ground max ; 4 = ground min 
22 23 24 25 26 27 
1 2 . 3  9 .  5 1 1 .  8 1 1 .  2 1 0 .  8 9. 5 
5 . 2  5 .  9 4. 6 3 .  9 4 .  6 5 .  4 
1 8 .  3 1 4 .  6 1 6 . 4  1 8 .  2 1 5 .  1 1 6 .  4 
4 .  4 2 . 3  2 .  0 0. 8 3 .  4 4. 6 
9. 8 1 0 .  0 1 1 . 1  1 2 .  6 1 2 .  8 1 2 .  4 
2 .  2 3 . 1  4 . 6  4 . 4  4 . 4  3 .  2 
1 7 .  0 1 5 .  0 1 6 .  9 24.  3 2 1 .  3 22. 1 
- 1 . l - 1 . 4  -0 . 9 0 . 4  - 1 .  0 - 2 .  l 
1 1 . 9  1 1 . 1  1 0 . 1 1 1 .  8 8. 9 1 0 .  l 
5 .  3 6 . 1  5 . 1  5 .  6 5 .  4 5. 7 
1 9 . 1 1 4 .  4 1 7 .  4 22.  4 1 5 .  8 1 7 . 4 
1 .  7 3 . 1  1 . 8 1 .  7 4. 9 5 .  6 
1 2 .  8 1 2 .  6 9 . ? 1 2 .  4 1 2 .  2 1 1 .  3 
2 .  9 2 .  6 3 .  2 3. 7 4 .  7 3 .  4 
1 6 .  4 2 1 . 1  1 3 .  7 21 . 1  20 . 1 1 8 .  l 
-2 . 7 -3 . l -2 . 2 - 2 .  l - 0 .  l - 1 .  6 
-
2 8  29 30 
1 1 .  8 8. 5 8. 5 
5. 3 5. 3 3 .  4 
23. 0 1 5 .  4 1 6 .  2 
[ .  8 4. l o .  6 
1 1 . 2  1 2 .  5 9. 6 
4 . 1 3. 8 5. 2 
1 6 .  9 20. 0 1 5 .  2 
0 . 4  - 1 . 0  5 . 1 
8. 9 7.  3 8. 9 
4. 7 3. 6 4. 5 
2 1 . 1 1 5 .  4 1 4 .  7 
3 .  9 2 .  3 0 . 6  
1 2 .  5 1 1 .  8 1 0 .  8 
3 .  6 3 . 0  3 .  4 
19.  9 1 7 .  2 1 7 . 6 
- 2 .  l - 1 .  9 - 1 .  5 
1 1 .  l 
5 . 0  
1 6 .  4 
- 4 . 4  
-
3 1  
1 0 .  7 
[ .  9 
20.  6 
- 2 .  6 
7. 4 
2. 7 
1 5 .  2 
- 1 .  l 
1 0 .  8 
4. 7 
1 7 . 8 
3. 6 
mean 
1 0 . 9 
4. 8 
1 7 .  8 
2 .  5 
1 0 .  7 
4 . 0  
1 8 .  4 
o . o  
1 1 . 1 
4 . 6  
1 8 . 9 
o .  7 
1 0 . 9 
3 .  7 
1 7 . 0 
- 1 .  2 
1 0 .  2 
3 . 6  
1 6 .  3 
- 0 .  l 
9. 3 
3 .  4 
1 6 .  3 
0 . 4 
"' 
"' 
APPENDIX 1 0 :  PINDAUNDE, 3480m, TEMPERATURE, o C DATA FOR 1 9 6 8  -.J 
0 
Month l 2 3 4 5 6 7 8 9 10 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  2 2  2 3  2 4  2 5  26 2 7  2 8  2 9  30 3 1  mean 
JULY 
1 1 2 .  9 1 1 .  9 1 0 .  7 9 . 4  9 . 6 1 0 .  8 1 2 .  1 1 1 .  3 1 2 .  7 1 1 .  8 1 0 .  1 1 0 . 2 1 3 . 0 1 0 .  2 1 0 .  7 1 1 .  7 1 4 .  3 1 1 .  4 
2 - - 2 .  l 4 .  6 1 . 0  5 .  2 3 .  4 3. 2 4. 2 3 .  3 l .  8 2 .  7 2 .  7 4 .  7 3 .  8 4 .  l 5 .  l 3 . 8  4 .  2 4. 2 3. 6 
3 19 .  3 1 7 . 7 1 7 . 6 1 5 .  8 1 5 .  8 1 5 .  0 1 4 . 1 16 .  6 19 . 2 20 . 1 20 .  1 2 1 . 7 20 . 1 22.  2 22.  3 22.  2 22. 2 16 .  8 - 1 8 .  8 
4 - 2 .  4 - 4 .  3 o .  l - 0 .  5 - 1 .  4 - 1 .  2 -0 . 4  - 3 .  3 - 3 .  2 - 2 .  3 3 .  3 - 2 .  3 - 0 .  7 2 .  2 - 0 .  3 3. 6 - 0 .  l - - 0 .  8 
AUGUST 
1 1 2 .  6 1 2 .  4 1 2 .  3 1 0 . 1 9 .  9 .9 . 9 14 . 0 1 3 .  3 1 1 .  3 1 1 .  3 9. 7 9. 0 1 2 .  6 J O . 0 1 2 .  8 1 2 .  7 1 2 .  2 1 1 .  2 9 . 8 9 . 0 1 1 .  3 
2 - 1 .  4 5. l 5 .  3 5 .  5 4. 7 4 .  6 3. 3 5 .  7 5 .  7 4 .  6 4. 7 5 .  5 5 .  9 - 0 .  8 3. 8 2 .  2 l .  l 2 .  4 4. 7 3 . 1 2 .  4 3 .  9 
3 22.  2 1 7 .  9 1 6 .  9 1 6 .  7 20.  3 1 5 .  1 1 5 .  1 13 .  3 1 2 .  8 1 7 .  2 13 .  7 1 3 .  8 1 3 .  5 22 .  7 1 7 .  1 1 6 . 9 16 .  7 22.  2 1 6 .  1 16 .  1 2 0 .  2 1 3 .  5 1 6 .  8 
4 l .  3 l .  4 3 . 4  1 . 0  0 . 6  - 1 .  8 4. 2 1 .  2 3 .  3 0 . 9  l .  8 1 . 6  - 4 .  7 - 3 .  5 - 3 .  5 - 3 .  6 - 3 .  6 1 . 9  - 2 .  4 - 4 . 7 - 0 .  3 
SEPTEMBER 
1 10 .  5 1 2 .  9 1 3 .  2 1 2 .  3 1 2 .  3 1 2 .  3 10 .  4 9 . 6  1 2 .  0 10 .  9 1 1 .  7 1 2 .  2 1 3 .  0 1 2 . 1 1 0 .  1 10 .  1 8. 7 9. 6 10 . 1 9 .  3 1 3 .  8 1 3 . 8 1 3 .  8 1 1 .  7 1 0 . 9 1 0 .  8 1 1 .  5 
2 5 .  9 6 . 0  4 . 4  l .  7 3 .  4 2 .  3 2 .  7 2 .  6 3 . 0  7 .  6 2 .  3 2 .  4 2 .  7 4. 9 4 .  6 1 .  8 4. 5 3 .  7 4. 7 4. 3 3 .  5 l .  0 4. 6 2 .  l 4 .  4 2 . 4  3 .  4 
3 - 23 .  3 23 . 6 23 . 7 2 1 .  6 1 4 .  6 22 . 2 1 5 .  5 1 4 .  6 1 5 .  4 20. 3 1 7 . 9  1 7 . 9 2 3 .  2 1 5 .  5 1 8 .  3 1 5 .  6 1 5 .  7 1 5 .  6 1 4 .  9 1 8 .  7 1 8. 9 2 4 . 9  1 9 .  8 2 1 .  1 1 9 .  1 1 4 . 4 1 8. 7 
4 1 .  6 - 1 . 0  - 0 . 4 - 5 .  l - 0 .  8 - 2 .  8 - 1 .  7 - 2 .  3 - 1 .  6 - 1 .  7 - 1 .  9 - 1 .  8 - 1 .  7 2 .  2 l .  9 - 4 .  8 l .  4 - 0 .  l - 0 .  6 1 .  7 - l .  8 - 1 .  6 o . o  - 2 . 6  l .  3 - 1 .  9 - 0 .  9 
OCTOBER 
1 1 1 .  8 1 2 .  9 1 5 .  5 1 3 .  2 1 3 .  2 1 2 .  6 1 2 .  4 9 . 6 1 1 .  6 9 . J 7. 8 1 0 .  7 1 0 .  7 1 1 .  6 
2 .  9 3. 7 3 .  3 3. 3 3 . 4  3 .  4 - 0 .  l 4. 6 3 .  4 4 .  2 5 .  4 3 .  8 4 .  5 - 4 .  7 3. 6 
1 4 .  4 1 7 .  6 19 . 3 14 . 9 1 5 .  7 1 4 .  6 1 8 . 7 19 . 3 1 2 .  3 1 9 .  3 1 5 .  1 1 1 .  0 1 4 . 6 1 4 .  7 1 5 .  8 
- ! .  8 - 0 .  8 - 0 . 7  - 1 .  2 o . o  -2 . l - 3 .  l I .  4 - 0 . 4  - 1 .  8 3. 7 2 .  4 2 .  3 - 0 . 2  - 0 .  l 
NOVEMBER 
1 9. 3 1 1 .  7 1 2 .  2 1 1 .  7 1 2 .  8 1 1 .  1 1 0 .  0 1 0 . 0 1 1 . 1 1 2 . 9 1 2 .  6 1 5 .  2 1 1 .  6 1 1 .  7 1 2 . 9 1 1 .  4 1 1 .  3 1 0 .  1 9. 4 1 1 . 1 1 1 .  2 1 3 .  0 1 1 .  7 9. 3 1 1 .  6 1 1 .  2 9 .  6 1 3. 2 1 4 . 0  1 2 .  3 1 1 .  6 
2 4 .  3 5 .  6 3 . 1  3 .  l 3 .  3 3. 3 5 . 0  6 .  7 3 .  9 4 .  4 3 .  7 3. 8 4 .  9 3 .  4 3 .  7 2 .  8 O . l 2 .  9 3. 7 4 .  9 3 . 0  3 .  3 3 .  3 5 . 8 4 . 6  3 . 8  3 .  3 4 .  9 4 .  2 3 .  6 3 . 9  
3 1 7 . 8 1 6 .  8 1 6 .  7 22. 8 22.  8 22 . 8 2 3 . 3 23.  9 1 7 . 3 14 . 6 1 4 .  2 1 4 .  2 1 6 .  6 1 8 . 8 20. 1 20 . 1 1 4 .  6 1 4 . 1 1 4 .  9 1 7  . . J 1 4 .  5 1 8 .  8 2 1 .  4 2 1 .  6 1 8. 2 1 4 . 9  1 4 .  9 2 1 .  6 1 8 . 7 1 8. 2 
4 3 . 4  3 .  9 0 . 6  o .  6 3 .  9 o . o  - 3. 6 - 1 .  9 2 .  2 - 0 . 6 - 0 .  7 - ! .  3 - 3 .  3 - 3 .  l 0 . 1 2 .  7 - ! .  2 - ! .  4 - 1 .  9 4 . 0  1 . 6  1 .  9 - 0 . 8 3 .  0 0 . 1 0 . 2  - 0 .  6 
DECEMBER 
1 1 4 .  0 1 2 .  3 1 1 .  7 1 1 .  1 1 2 .  3 9. 2 1 2 .  4 1 1 .  2 1 0 .  3 1 1 .  7 1 2 .  8 1 1 .  6 1 1 . 6 1 1 . 1 1 1 .  8 1 1 .  4 1 0 .  4 1 2 .  4 1 1 .  6 1 1 . 8 1 1 .  8 1 2 .  9 1 2 .  4 1 3 .  2 1 1 .  8 
2 3. 7 4 . 9  4 .  l 2 .  7 4 .  4 3. 2 4 .  l 3 .  8 4 . 4  2 .  9 3. 8 5 . 0 5 . 0  6 .  2 6 .  2 4 .  7 4 . 1 2 .  7 3 .  8 0 . 4  4 .  3 5 .  4 3. 8 4 . 4  3 .  8 4 .  6 4 . 0  4 . 1 
3 1 6 .  6 1 3 . 8 1 4 .  7 1 7. 0 1 4 .  7 1 7 .  9 1 1 .  8 22.  3 1 8 .  7 1 7 . 1 16 .  7 16 .  8 1 6 .  8 1 1 .  2 1 6 .  8 1 6 .  8 1 2 .  5 1 5 .  3 1 9 .  J 1 5 .  5 16 .  9 1 5 .  2 1 4 .  8 1 7 . 6 1 8 .  3 1 7. 3 1 9 .  7 1 6 .  4 
4 0 . 1 1 .  2 1 .  2 - 2 .  l o .  9 o .  2 0 . 3  0 . 1 1 .  8 o .  2 0 . 4  o .  6 - 1 .  4 4. 7 4 .  7 - 0 .  3 - 0 .  l I .  0 - o .  5 0 . 0  3 .  8 2 . 1 1 . 4  l .  3 4 . 0  0 . 2  O .  l I .  0 
s creen max ; 2 = screen min ; 3 = ground max ; 4 = ground min 
Month 
JANUARY 
MAY 
JUNE 
JULY 
AUGUST 
1 
2 
3 
4 
SEPTEMBER 
1 
2 
3 
4 
OCTOBER 
NOVEMBER 
1 
2 
3 
4 
1 1 .  4 
1 9 .  7 
1 1 .  3 
4 . 1 
1 8 .  4 
I .  8 
1 1 .  2 
4. 4 
1 0 . 6 
1 .  4 
1 1 .  3 
2 .  7 
22.  2 
- 1 . 4  
1 1 .  3 
5 . 8  
1 2 .  9 
4 . 3  
1 1 .  2 
5 .  2 
1 4 .  4 
3. 4 
1 1 .  2 
5 . 1 
1 5 .  6 
4 . 0 
1 1 .  3 
4. 7 
2 3 . 6 
0 . 7 
APPENDIX 1 1 :  P INDAUNDE, 3480m, TEMPERATURE, ' c ,  DATA FOR 1 9 6 9  
1 0  
1 1 .  5 
4 .  3 
1 5 .  2 
0 . 2  
1 1  
1 1 .  4 
2 .  9 
1 7. 2 
- 0 .  4 
1 2  
1 1 .  9 
5 . 6  
1 4 . 1 
3 . 4  
1 3  
1 2 .  6 
5 .  2 
1 5 .  2 
2 .  3 
1 4  1 5  1 6  1 7  
1 2 . 5 1 1 . 0 1 1 . 5 1 1 . 2 
3 . 0  3 .  7 4 . 9  4 . 5  
2 1 . 9 2 3 . 0 18 . 4 19 . 9  
- 2 . 0  - 2 . 1  2 . 9  - 0 . 8 
1 8  
1 1 .  2 
4 .  9 
1 2 .  9 
3 . 6  
1 9  20 
1 0 . 1 1 3 . 1 
4 .  6 4 .  7 
1 2 . 8 1 4 . 3 
1 . 0  I . I 
2 1  
10 .  2 
5 . 1 
1 4 .  8 
1 . 3  
2 2  
1 1 .  8 
4 . 0  
1 4 .  7 
I .  2 
2 3  2 4  
12 . 1 1 2 . 3 
3 .  9 3 .  9 
16. 2 19 . 8  
0 . 6  0 . 1 
2 5  2 6  2 7  
1 3 . 3 
4 . 6  
1 9 .  7 
0. 2 
28 
1 3 .  2 
6 .  7 
1 9 .  6 
0 . 1 
29 
1 3 .  4 
3 .  7 
1 8 .  7 
0 . 1 
30 
1 3 . 0 
3 . 4  
1 8 .  9 
- 0 . 4 
3 1  mean 
3 . 5 
o .  7 
1 1 .  8 
4 . 4  
1 7 . 2 
o .  9 
1 6 . 7 1 2 . 1 1 0 . 3 1 1 . 1 1 1 . 7 12 . 0 1 2 . 3 1 2 . 6 1 2 . 3 
- 0 . 6 5 . 6  4 . 4  4 . 2  3 . 7 3 . 8  3 . 8 3 . 6  
1 1 . 0 1 2 . 9 1 1 . 3 1 3 . 3 1 4 . 2 1 2 . 7 1 2 . 1 1 3 . 3 1 1 . 8 1 1 . 1 1 3 . 1 12 . 9 1 3 . 0 1 3 . 1 1 1 . 7 1 1 . 1 8 . 9 7 . 5 1 1 . 1 1 0 . 7 1 1 . 7 1 3 . 4 12 . 3 1 2 . 6 1 2 . 3 1 1 . 2 1 0 . 5 1 1 . 4 1 1 . 8  1 1 . 4 1 1 . 8 
4 . 2 4 . 4  6 . 2  5 . 2  3 . 4  0 . 3  2 . 9  2 . 2  2 . 7 2 . 8  2 . 7  3 . 3  3 . 9  3 . 9  4 . 5  3 . 1 5 . 1 3 . 1 5 . 0  8 . 7  2 . 8  3 . 8  3 . 3  3 . 8  4 . 6  4 . 6  5 . 1 4 . 9  4 . 6  - 0 . 4  3 . 8  
- I . I 3 . 4  0 . 1 - 2 . 2  - 3 . 1 -3 . 3  -4 . 2  - 2 . 1 - 2 . 0  - 3 . 5  - 1 . 7 - 0 . 9  - 2 . 6  1 . 7  - 3 . 1 2 . 2  - 1 . 7  0 . 9  - 2 . 2  - 2 . 8  - 2 . 8 -2 . 6  - 1 . 7  0 . 3 0 . 4  0 . 8 - 1 . 4  -0 . 6  - 4 . 0  - 1 .  3 
1 2 . 2 1 2 . 1 1 0 . 7 1 1 . 7 1 2 . 5 1 0 . 3 1 2 . 8 1 2 . 8 8 . 9 9 . 4  1 1 . 9 1 2 . 2 9 . 8 1 2 . 8 1 1 . 1  9 . 2 1 1 . 4 1 2 . 2 1 1 . 3  
2 . 3  - 3 . 5 3 . 8 2 . 4  3 . 4  4 . 0  0 . 6 3 . 3  3 . 7  4 . 0  5 . 1 - 0 . 2 2 . 8  3 . 3  - 0 . 1 3 . 2 3 . 3  2 . 8  1 . 5  2 . 8  
- 3 .  8 - 3 . 9 - 2 . 2  - 2 . 5  - 2 . 4  0 . 0  - 1 . 4  - 2 . 8  - I . I  - 1 . 6  3 . 6  - 2 . 9  - 2 . 2  - 2 . 2  - 1 . 2  - 0 .  2 - 2 . 9  - 3 . 8  - 1 .  9 
9 . 0  1 0 . 6 1 1 . 2  1 2 . 2 9 . 0  10 . 1 1 1 . 7 1 2 . 3 1 2 . 4 1 0 . 6 1 2 .  9 1 2 . 7 1 1 . 9  13 . 1 
3 . 1 - 3 . 8  2 . 3  2 . 4  2 . 8  5 . 0  2 . 3  -0 . 6  1 . 4  5 . 1 3 . 9  2 .  3 3 . 3 2 . 4  3 . 9  
1 1 .  4 
2 .  9 
- 1 . 4  0 . 2  - 3 . 6  - 2 . 0  - 2 . 2  3 . 4  -2 . 6  - 5 . 9  - 6 . 9  3 . 8  - 2 . 2  - 3 . 6  
1 2 . 8 1 1 . 7 1 3 . 1 1 3 . 2 9 . 5  11 . 7  1 0 . 1 1 0 . 9 1 1 . 4  1 2 . 7 1 2 . 5 1 1 . 8 1 0 . 3 1 0 . 1 1 0 . 1 1 1 . 8 1 1 . 1 1 2 . 4 
- 2 . 2  - 3 . 4  - 0 . 5 
- 0 . 3  3 . 6  3 . 7 3 . 9  3 . 3 3 . 9  6 . 7  6 . 1  5 . 9  5 . 2  3 . 4 4 . 3  3 . 3 2 . 4  3 . 8  2 . 8  2 . 8  3 . 4  
- 2 .  2 - 2 .  4 - 1 .  I -0 . 3 - 1 .  I - 2 .  1 5 .  1 2 .  8 3 .  9 2 .  3 0 .  7 0 .  3 0 .  3 - 1 .  6 0 .  1 - 1 .  1 - 2 .  1 - - 1 .  1 
1 1 .  3 
4 .  4 
1 . 4  
- 1 .  9 
1 1 .  5 
3 . 8  
0 . 1 
1 3 . 1 1 1 . 0 1 1 . 2 1 0 . 6 1 1 . 7 1 1 . 9 1 4 . 0 1 1 . 8 1 4 . 8 1 3 . 4  1 1 . 5 1 2 . 3 1 2 . 8 1 1 . 7 9 . 2 1 2 . 4 1 1 . 0 1 2 . 8 1 3 . 1 1 3 . 0 1 2 . 9 10 . 0 9 . 7 1 1 . 3 1 2 . 3 1 0 . 4 1 1 . 9 
2 . 5  3 . 3 4 . 1 1 . 8  4 . 1 2 . 7 3 . 4  3 . 9  2 . 2  4 . 4  1 . 9  2 . 8  4 . 1 4 . 9  3 . 9  3 . 1 4 . 2  3 . 4  3 . 3 3 . 3  5 . 1 5 . 1 4 . 8  5 . 6  3 . 4  3 . 7 
- 2 . 7  - 0 . 4  0 . 6  - 2 . 8  0 . 7 - 3 . 1 - 1 . 7  - 2 . 2 - 3 . 3 - I . I  - 2 . 8 -0 . 5  - 1 . 2  3 . 2  2 . 3  3 . 4  2 . 5  - 0 . 3 - 1 . 4  - 1 . 0  2 . 8  3 . 9  3 . 3  1 . 2  - I . I - 0 . 1 
1 10 . 0 10 . $  1 3 . 0 1 3 . 3 1 1 . 8  1 1 .  8 
3 .  3 2 4 . 6  5 . 2  3 . 3 2 . 2 1 . 6  1 . 8  4 . 6  
3 
4 3 . 8 3 . 4  - 0 . 9  -4 . 4  - 3 . 7 -4 . 9  - 0 . 2 - 1 .  0 
1 ,., s c reen max ; 2 • s c reen min ; J • ground ma x ;  4 • ground min ..., 
..... 
APPENDIX 1 2 :  PINDAUNDE, 3480m TEMPERATURE, 0 c ,  DATA FOR 1 9 70 
Month 3 8 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
APRIL 
2 1  2 2  2 3  2 4  2 5  26 27  2 8  2 9  30 3 1  mean 
1 
2 
3 
4 
1 8 . 9  1 2 . 1 1 1 . 7 1 2 . 8 1 2 . 7 1 3. 4 1 3 . 9 1 3. 3 1 2 . 2 1 3 . 2 1 3. 2 1 1 . 7 1 2 . 8 1 2 . 8 1 4 . 4 1 4 . 2 1 3 . 2 1 4 . 2 1 3. 1 1 4 . 4 1 4 . 4 1 3 . 2 1 1 . 7 1 3 . 4 1 1 . 1 
.... 
1 3. 3 "' 
4. 3 -0 . 6  0 . 8  0 . 8  1 . 6  3 . 6 4 . 7 3 . 3 4 . 4  4 . 4  4 . 7  5 . 0  4 . 6  5 . 6  4 . 9  4 . 7  6 . 0  5 . 0  5 . 0  4 . 0  4 . 7  5 . 3  6 . 7  6 . 7 6 . 1 5 . 6  
MAY 
1 1 0 . 0 1 1 . 1 9 . 8 1 2 . 1 1 1 . 2 1 0 . 4 1 2 . 2 1 0 . 2 1 3 . 9 1 3 . 5 1 1 . 2 1 2 . 3 1 3 . 9 1 1 . 2 1 2 . 8 1 3 . 4 1 2 . 2 1 1 . 1 1 2 . 4 1 3 . 2 1 2 . 8 1 1 . il 
2 5 . 6  5 . o  4 . 1 5 . 8  5 . 3  6 . 1  5 . 5  5 . 6  4 . 7 3 . 3 3 . 9 5 . o  4 . 8  2 . 8  5 . 6  3 . 9  4 . 3  5 . 1 5 . 6  5 . 6  6 . 1 4 . 9  
JUNE 
JULY 
AUGUST 
3 
4 
1 
2 
3 
4 
SEPTEMBER 
1 
2 
3 
4 
OCTOBER 
1 3 . 3 1 3. 9 1 3 . 4 1 2 . 2 1 3 . 3 1 3 . 3 1 1 . 7 1 1 . 7 1 1 . 1 1 0 . 3 1 1 . 5 1 1 . 1 1 0 . 6 1 1 . 7 1 1 . 6 1 1 . 4  1 3 . 9 1 3 . 8 1 1 . 3 1 1 . 4 1 0 . 4 9 . 4 1 2 . 5 1 3 . 0 
3 . 8  4 . 4  3 . 9 4 . 2  3. 7 3. 7 4 . 4  3 . 8  4 . 4  3 . 1 3 . 8 5 . 3 5 . 4 5 . 0  5 . 4  5 . 6  6 . 0  4 . 2  3 . 4  3 . 2 2 . 4 4 . 3 3 . 1 1 .  7 
28 . 2  2 7 . 2 
3 . 4  
2 3 . 2 24 . 4  2 5 . 7 2 1 . 1 21 . 6  1 6 . 1 1 3. 8  1 6 . 1 1 9 . 4 1 6 . 7 2 3 . 9 20 . 0  1 6 . 7 2 8 . 7 20 . 3 1 5 . 6 25. 9 1 7 . 7 1 6 . 1 29. 4 2 3 . 3 
3 . 8  2 . 2  1 . 1  0 . 6  1 . 2  0 . 2  2 . 6  0 . 6  3 . 9 4 . 3  2 . 2  2 . 2  1 . 6  2 . 2  1 . 6  - 0 . 6  1 . 4  0 . 1 2 . 2  0 . 6  1 . 6  
1 0 . 7 1 3 . 3 1 3 . 1 1 2 . 4 1 0 . 7 9 . 2  1 0 . 2 9 . 2 7. 8 9 . 1 1 1 . 6 1 0 . 6 9 . 9 
3 . 0  
1 6 .  6 
0 . 6  
1 1 . 7 1 2 . 8 1 1 . 2 10 . 3 
5 . 6  2 . 3  2 . 8  3 . 3 4 . 5  3 . 3  3 . 4  4 . 6  4 . 1 5 . 0  3 . 9  2 . 2  2 . 9  3 . 0 3 . 3  3 . 1 
2 0 . 6 23. 0 23. 3 2 0 . 8 1 1 .  7 1 4 . 3 1 8 . 3 1 0 . 6 1 5 . 4 2 1 . 6 1 5 . 2 1 8 .  4 2 3 .  3 20. 6 18 .  3 
- 0 . 1 - l . 4  - 0 . 2 0 . 1 4 . 9  - 1 . 9  - - 0 . 8 - 1 . 2  1 . 3  1 . 0  - 1 . l 1 . 1 1 . 4  2 . 9  1 . 6  - 0 . 8 
9 . 7 
3 .  7 
1 4 .  8 
- 0 . 1 
1 2 .  6 
1 .  8 
2 3 . 4 
- 3 . 1 
1 0 .  4 
3 . 6  
1 6 .  6 
0 . 3  
1 2 .  8 
1 .  7 
2 3 .  3 
- 2 . 8  
1 1 . 7 
1 .  6 
1 5. 6 
- 3 .  3 
1 0 .  6 
4 . 3  
20.  5 
0 . 6 
1 0 .  4 
5 .  2 
1 6 .  1 
- 0 .  7 
1 2 .  2 
3 .  3 
22 .  2 
- 1 .  5 
1 3 . 3 
4. 2 
23.  8 
o. 5 
1 1 .  8 
3 . 3  
2 1 . 1 
0 . 6  
1 2 .  7 
l .  2 
2 1 .  7 
1 2 .  9 
4 . 4  
22.  7 
1 2 .  7 
3 .  3 
22.  2 
- l .  2 
1 3 .  3 
5 . 3  
23.  3 
4 . 1 
1 1 .  4 
4 . 0  
1 8 .  2 
o. 0 
1 2 .  2 
4 . 4  
2 4 .  4 
o. 0 
1 2 .  2 
5 . 0  
2 1 .  l 
2 .  8 
1 2 . 1 
3 .  0 
2 1 .  2 
1 .  3 
1 2 .  1 
2 .  3 
2 1 .  l 
- 1 .  0 
1 1 . 7 1 2 . 8 13 . 4 
0 .  8 1 .  7 2. 8 
22 . 2 25. 0 23. 6 
- 4 .  3 - 1 .  8 - 2 .  3 
1 1 . 6 1 2 . 3 1 2 . 0 1 1 . 9  
3 . 0  2 . 8  4 . 7  3 . 8 
1 6 . 6 2 3 . 2 22. 3 2 1 .  7 
- l . l  1 . 1  1 . 2  0 . 5  
9 .  0 
3. 7 
1 3 .  4 
- 0 . 6 
1 0 . 0 1 3 . 3 
4 .  6 3 .  3 
1 4 . 3 2 1 . 1 
2 . 8  - 0 . 1 
6 . 8 1 0 . 5 1 1 . 2 
3 . 3  3 . 3  4 . 4  
9 . 9 1 6 . 0 20. 0 
l .  2 0 .  I 2 .  l 
1 1 .  8 
3 .  4 
22.  5 
0 . 4  
1 2 .  8 
3 . 1  
2 1 .  7 
- 0 .  3 
8. 9 
4 . 4  
1 3 .  3 
1 .  8 
1 0 .  3 
3 . 3  
1 7 . 2 
I .  I 
2 .  2 
- 3 .  3 
1 1 . 1 
4 . 4  
1 9 .  8 
9. 9 
2 . 8 
1 3 .  2 
0 . 4  
1 3 .  2 
3 .  2 
2 7 .  0 
1 0 .  6 
5 . 0 
1 8 .  8 
2 .  7 
1 1 3 . 4 1 0 . 3 1 2 . 2 9 . 9 1 3 . 0 1 2 . 2 9 . 3 1 0 . 0 1 0 . 6 1 0 . 4 1 1 . 2 
2 4 . 4  4 . 9  3 . 0 J . 6  3 . 4 2 . 8  3. 7 4 . 4  3 . 6 5 . 0  6 . 2  5 . 0  
3 2 3 . 9 1 5 . 7 1 9 . 6 22 . 2 23. 7 1 6 . 9 1 2 . 8 1 3. 2 1 7 . 8 1 7 . 8 1 7 . 0  
4 1 . 7  3 . 4 0 . 4  0 . 3 0 . 3 - 0 . 7  1 . 4  l . 2  0 . 0  3 . 9  5 . 6  2 . 4  
NOVEMBER 
1 
2 
3 
4 
DECEMBER 
1 
3 
4 
1 3 . 0 1 4 . 2 
4. 8 5 . 0  
1 8 . 9 2 2 . 2 
1 .  7 2 .  4 
1 2 . 3 
3 .  1 
2 2 . 3 
- 0 . 3 
4 . 5  
2 .  7 
1 3 . 4 1 4 . 2 1 3 . 3 1 3 . 4 1 4 . 2 1 4 . 2 1 2 . 5 
5 . 6  3 . 4  3 . 3 3 . 1 0 . 1 3 . 9  
20. 2 20. 8 2 5 .  3 2 4 . 5 25 . 9 2 4 . 4 20 . 6 
5 . 1 - 2 . 1 1 . 9  - 0 . 7 0 . 3 1 . 7  
8 . 4 1 3 . 3  1 0 . 0 1 0 . 6 1 1 . 2  
3 . 2  3 . 8  3 . 4  4 . 5  3 . 6  
1 2 . 2 1 9 . 3 1 4 . 8 1 2. 9 1 9 . 0 
0 . 3  2 . 5  0 . 2  1 . 6  3 . 1 
3 . 6 
0 . 4  
1 = s creen max ; 2 = s creen min ; 3 = ground max ;  4 = ground min 
1 3 . 3 
1 .  3 
25.  6 
- 3 . 5  
1 3 . 8 1 3 . 3 1 3 . 3 
2 . 1  2 . 2  3 . 6  
23. 8 22. 8 20. 6 
- 2 . 0  - l . 9  - 0 . 6 
1 0 . 0 1 1 . 5 
4 .  4 5 .  8 
1 1 . 8 1 7 . 0  
o .  9 4 . 2  
1 2 . 1 
3. 9 
2 1 . 1 
1 .  3 
1 2 . 7 1 4 . 3 9 . 4  1 0 . 9 
4 .  l 
23.  3 
0 . 1 
1 2 .  8 
l . 5  
2 1 . 1 
- 3 .  2 
1 2 .  9 
3 . 8  
21 . 0 
1 . 1  
1 3 . 4 
2 0 .  3 
3 .  6 -------- o .  7 4 . 2  3 . 4  1 3 . 9 1 8 . 2 
! .  6 
1 1 . 6 1 2 . 2 1 2 . 1 
3 . 4  3 . 3 2 . 1 
1 8. 4 23. 3 21 . 9  
- 1 . 2  - l . 6  - 1 . 7 
1 1 . 1 
3 .  4 
1 8 .  2 
1 . 1  
1 3 .  5 
4 . 1 
23. 4 
l .  7 
1 2 . 5 
3 .  3 
1 9 .  2 
l . O  
1 2 .  0 
4. 5 
19 .  2 
3. 7 
1 1 .  7 
5 . 0  
1 9 .  6 
1 .  8 
1 0 . 6 
4 . 4  
1 6 .  4 
3 .  9 
22.  9 
- 4 . 5  - l . 7  0 . 2  
9 . 8 1 1 . 7 
3 . 4  2 . 1 
1 5 . 3 23 . 3 
0 . 6  - 1 . 8  
1 3 .  9 
3 . 4  
24.  4 
- 0 .  7 
1 2 .  3 
3. 7 
1 8 .  9 
1 .  5 
1 4 . 1 
2 . 8  
2 7 .  0 
- 1 .  l 
1 2 .  3 
3 . 9  
1 9 .  5 
3 . 4  
1 2 . 2 1 1 . 5 
1 .  7 2. 8 
2 3 .  3 2 0 .  7 
- 2 . 2  - l . 3  
1 1 .  7 
3. 7 
20.  2 
o. 5 
1 1 .  l 
4 . 2 
1 8 .  2 
!. 7 
1 2 .  4 
3. 7 
19 . 9  
1 .  7 
1 3 .  2 
4 .  3 
2 1 . 1 
l .  6 
Month 
APRIL 
MAY 
Month 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
1 
2 
3 
4 
1 
2 
3 
4 
1 3 . 1 
3 .  8 
1 8 .  7 
2 .  4 
1 0 .  3 
2 . 9  
1 6 .  8 
1 . 4  
1 2 .  5 
3 . 9  
20.  6 
l .  8 
1 3 .  3 
4 . 1 
3 2 .  3 
l .  7 
1 0 . 3 
3 .  7 
1 5 . 0 
3 .  3 
10 .  7 
4 .  7 
1 6 .  8 
3 .  2 
1 0 .  2 
5 .  6 
1 9 .  7 
5 .  3 
1 1 . 1 
4 .  6 
1 6 .  7 
3. 4 
4 .  2 
l .  9 
9 . 2  
3 .  6 
1 6 . 9 
3 . 4  
8 
APPENDIX 1 3 :  PINDAUNDE, 34 80m, TEMPERATURE , ' c, DATA FOR 1 9 7 1  
1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  22  2 3  2 4  2 5  2 6  2 7  2 8  2 9  3 0  
10 . 0 1 2 . 4 1 0 .  3 
l .  9 
1 3 . 6 
0 . 0  
1 0 .  3 
4. 2 
20. 1 
2. 7 
1 2 . 5 1 1 . 4 1 3 . 1 1 0 .  8 
3. 9 
1 5 .  6 
2. 8 
1 2 . 8 
4 . 0  
2 2 .  3 
) . 3 
1 3 .  2 
4 . 1 
1 9 .  5 
2 .  8 
1 3 . 1 
4 . 1 
22.  0 
3 .  6 
9. 7 
4 . 1 
1 4 .  4 
3. 3 
1 0 .  7 
4 .  0 
1 5 .  7 
1 . 9  
1 0 .  3 
4 . 0  
1 6 .  6 
2 .  2 
4 .  4 4 . 4  ------------- 3 . 1 3 . 1 3. l 
1 5 . 6 35 . 1 22. 3 20. 6 19. 6 
3. 9 3 . 3  ----------- 1 . 7  3 . 2 2 . 2  
• s creen max ; 2 ,., s c reen min ; 3 "" ground max ; =- ground min 
APPENDIX 1 4 :  P INDAUNDE, 3480lli, TEMPERATURE , ' c ,  DATA FOR 1 9 7 2  
1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  22  23  2 4  2 5  2 6  2 7  2 8  29 30 
1 3 . 3 1 1 . 1  1 2 . 8 1 2 . 8 8. 3 9 . 4 8 . 9 1 1 . 1 1 1 . 1 1 1 . 1 --- 1 2 . 2 1 0 . 5 
3 . 3 3 . 3 3 . 3  2 . 8 5 . 0 5 . 0  3 . 3 5 . 0  6 . 1 7 . 2  --- 4 . 4  
3 1  mean 
1 1 .  3 
3 . 8  
1 9 .  0 
2 .  8 
1 1 .  6 
4 . 0  
20. 5 
2 .  5 
3 1  mean 
1 1 . 1 
4 . 4  
1 1 . 7 10 . 0 1 0 . 0 8 . 3 1 0 . 0 1 1 . 7 1 2 . 8 1 2 . 2 1 2 . 8 1 1 . 1 1 1 . 7 1 1 . 6 7. 8 1 0 . 0 1 3 . 3 1 2 . 8 1 2 . 8 1 1 . 1 10 . 0 9 . 4 10 . 5 8 . 9 --- 1 1 . 7 1 3 . 9 1 1 . 7 1 2 . 8 1 1 . 2 
6 . 1 6 . 1  5 . 0  6 . 1 6 . 1 3 . 8 5 . 0  5 . 0  4 . 4 5 . 0  6 . 1 6 . 1  4 . 4  6 . 1  5 . 0  3 . 3 1 . 7 3 . 9  3 . 9  6 . 1 5 . 6  5 . 0 2 . 2  1 . 7  --- 2 . 2  2 . 8  - 0 . 6 4 . 4  
1 2 . 8 1 5 . 0 1 5 . 0 1 4 . 4 1 3 . 9 1 2 . 2 1 2 . 8 1 1 . 1  9 . 4  1 1 . 7 1 3 . 3 1 2 . 8 1 0 . 6 1 1 . 7 1 0 . 5 1 2 . 8 1 3 . 9 1 1 . 7 1 1 . 1 1 3 . 3 1 2 . 2 1 2 . 8 1 3 . 3 1 2 . 8 1 2 . 8 
3 . 9  5 . 0  2 . 8  1 . 7  0 . 6  1 . 1  0 . 6  2 . 8  2 . 2  1 . 7  3 . 9  4 . 4 4 . 6 3 . 9 4 . 4  5 . 0  4 . 4  6 . 1 3 . 9  4 . 4  3 . 9  4 . 4  4 . 4  3 . 3 3 . 3  3 . 9  
1 2 .  6 
3 .  5 
1 2 . 8 1 3 . 9 1 1 . 7 1 0 . 0 8 . 3 1 1 . 1 1 1 . 7 1 1 . 7 1 0 . 0 1 0 . 6 1 3 . 3 1 2 . 8 1 1 . 7 1 1 . 7 1 0 . 6 1 0 . 6 10. 0 1 1 . 7 9 . 4 1 0 . 0 1 0 . 6 1 1 . 7 1 3 . 9 1 2 . 8 1 2 . 2 1 2 . 2 1 1 . 4 
3 . 3 5 . 0  3 . 9  4 . 4  6 . 1 4 . 4  3 . 3  3 . 3  3 . 3  3 . 9 4 . 4  3 . 9 2 . 8  3 . 9  6 . 1 3 . 3 4 . 4  5 . 0  3 . 9 2 . 8  2 . 2  1 . 1 1 . 7  1 . 1 3 . 3 5 . 0  3 . 7  
--------------- 1 3 .  3 1 2 .  2 1 4 .  4 
6 . 1 ------------- 0 . 0  2 . 2 -----
1 2 .  8 1 5 .  0 --- 1 3. 3 1 3 .  9 --- 1 2 .  8 1 3 .  3 1 2 .  8 
2 . 8  4 . 4  3 . 9 --- 3 . 3 2 . 8  --- l .  7 2 . 2  
8 .  9 
3 . 3  
9 . 4 1 1 . 7 ----- 1 3 . 9 
5 . 0  3 . 9 2 . 8  
1 0 . 0 --- 1 1 . 7 1 0 . 6 1 0 .  6 1 2 .  3 
3 . 3  3 . 3  -- 3 . 3  3 .  9 3 .  2 
SEPTEMBER 
1 1 0 . 6 1 2 . 2 1 2 . 8 1 3 . 3 1 3 . 8 1 2 . 2 1 3 . 3 1 3 . 9 1 4 . 4 1 2 . 8 1 0 . 0 7 . 8 1 2 . 2 1 2 . 8 1 2 . 2 
2 1 . 7  1 . 7  0 . 6  0 . 6  1 . 7  2 . 8  2 . 8  5 . 0 --- 3 . 9  2 . 2  6 . 1  3 . 3  0 . 6  1 . 1  1 . 7  
1 • s creen max ; 2 • sc reen min 
1 2 .  3 
2 .  4 
.... 
w 
Month 
1965  
MAY 
JUNE 
1 966 
10 
a 
a 2 8 . 2  0 . 0  0 . 0  0 . 0  3 . �  5 . 1 
APPENDIX 1 5 :  PRECIPITATION , mm ,  DATA FOR 1 9 6 5- 19 7 2  
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  22  2 3  2 4  2 5  2 6  2 7  2 8  2 9  3 0  3 1  total 
0 . 8  9 . 1  0 . 0  0 . 0  4 . 1 ( 1 4 . 0) 
( 36 .  9 ) 
JANUARY a 9 . 3  8 . 7 20 . 4  9 . 7 5 . 1 1 . 5  ( 5 4 .  7 ) 
MAY 
JUNE 
JULY 
AUGUST 
a 1 5 .  7 0 . 3  1 9 . 6  1 . 5  1 . 3  3 . 0  3 . 6  1 2 . 2 5 . 6  2 5 . 6  0 . 0  o . o  0 . 5  o . o  o . o  1 . 5  4 . 6  ( 9 5 . 0 )  
a 5 . 3 0 . 0  1 7 . 8  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  1 . 5  J . O  1 3 . 2  3 . 6  0 . 0  0 . 8  9 . 4  0 . 8  1 7 . 0  1 0 . 4  2 . 5  1 0 . 2  3 . 8  0 . 5  38 . 6 1 0 . 7  0 . 0  0 . 5  1 . 8  0 . 0  0 . 0  2 . 5  - 1 52 . 4  
0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  o . o  o . o  o . o  6 . 6  o . o  1 . 0  2 . 3 o . o  9 . 9  0 . 5  0 . 3  0 . 8 2 . 5  1 . 5  o . o  9 . 1 0 . 0  0 . 0  o . o  0 . 0  0 . 0  1 . 3  o . o  ( 36 . 3) 
------- 2 8 . 2 0 . 0  8 . 4  o . o  o . o  0 . 8  3 . 6  o . o  o . o  4 . 3  4 . 1  0 . 8  1 . 3  o . o  2 . 5  1 7 . 8 1 . 8  1 7 . 8 2 . 3 7 . 6  7 . 1 0 . 0  0 . 0  0 . 0  5 . 6  1 . 0  0 . 8  1 0 . 2 ( 1 2 6 . 0 )  
SEPTEMBER a 0 . 3  l . 8 0 . 0  4 . 3  0 . 0  0 . 0  8 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  4 . 6  0 . 0  3 . 3  1 3 . 5  0 . 3 0 . 0  0 . 0  0 . 0  1 5 . 5 6 . 6  2 . 8 0 . 5  1 . 0  18 . 3  1 3 . 5  2 . 5  3 . 0  2 5 . 7  1 2 6  . 1  
OCTOBER a 3 . 8  1 6 . 0  0 . 0  1 1 . 2  1 8 . 5  3 0 .  7 0 . 0  1 . 3  1 3 . 2  1 2 1 . 2  4 . 8  1 0 .  7 32 . 0  32 . 3  1 9 . 6  3 15 . 3  
NOVEMBER a 0 . 0  0 . 0  3 . 3  0 . 0  1 . 3  20 . 8  7 . 6  0 . 8  4 . 1 20 . 3  5 . 6  8 . 4  2 7 . 4  1 7 . 8 3 4 . 3 2 . 0  0 . 0  1 4 . 0  5 . 8  1 7 . 3  9 . 1  l . 5  0 . 0  0 . 5  1 0 . 9  7 . 9  2 . 8  4 . 3  4 . 6  5 . 5  
DECEMBER a 1 2 . 4 1 3 . 7 
2 3 7 .  9 
( 2 6 .  1 )  
lliZ. 
MARCH 
APRIL 
a 10 . 4  6 . 9  1 4 . 0  1 6 . 5 7 . 1 8 . 6  3 . 6  l . 5  8 . 6  0 . 5  9 . 4  3 . 8  1 0 . 7 1 0 . 9 2 3 . 1 2 . 0  1 2 . 4 2 1 . 8  1 4 . 0  1 3 . 2 5 . 3  0 . 8  0 . 0  ( 2 05 . 1 )  
a 0 . 5  0 . 0  0 . 0 3 . 0  2 3 . 1 1 . 3  1 4 . 0  1 6 . 0  5 . 8  1 . 0  0 . 0  1 . 5  5 . 5  34 . 8  1 1 . 2  2 . 5  9 . 4  8 . 1  1 8 . 5  1 5 . 2  1 9 . 3  1 0 . 4  6 . 9  1 5 . 7  8 . 9  0 . 8  0 . 3  0 . 3 0 . 8  1 1 . 4  2 46 . 2  
MAY a 34 . 8  2 . 5  1 . 8  1 1 . 2  0 . 5  0 . 0  0 . 5  0 . 5 1 . 5  9 . 7  1 . 5  1 0 . 4  0 . 3  0 . 0  8 . 1 0 . 3  0 . 0  0 . 0  0 . 0  9 . 1  10 . 2  6 . 4  0 . 0  1 4 . 0 0 . 5  1 1 . 2  1 2 . 7 3 4 . 5 0 . 3 1 . 8  2 . 3  1 86 . 6  
JUNE 
JULY 
AUGUST 
a 0 . 0  1 6 . 5  0 . 3  9 . 9  7 . 1 1 3 . 5  1 4 . 5 1 0 . 4 0 . 0  O . O  1 . 0  1 5 . 2  0 . 8  1 . 3  4 . 6  0 . 3 0 . 0  0 . 0  0 . 0  0 . 8  0 . 0  0 . 3  0 . 5  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  1 2 . 7  1 10 .  0 
1 9 6 8  
JULY 
AUGUST 
2 . 5  1 . 0  1 3 . 0  0 . 0  4 . 8  0 . 5  3 . 8  1 0 .  7 0 . 0  0 . 3  3 . 0  7 . 1  
a 1 3 . 7 5 . 1 5 . 5  
a 
b 
a 
b 
0 . 0  0 . 0  6 . 1  1 . 3  7 . 4  2 . 8  o . o  2 . 0  0 . 0  o . o  0 . 0  1 . 5  o . o  0 . 0  1 . 0  1 . 3  1 4 . 0 0 . 8  
0 . 0 0 . 0  6 . 6 1 . 5 8. 1 3 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 1 . 8 0 . 0 0 . 0 1 . 0 1 . 3 1 4 . 2 1 . 0 
8 . 9  1 8 . 3 1 6 . 3  1 1 . 2  3 . 3  2 . 8  1 6 . 5  1 8 . 8 1 8 . 5 2 2 . 6  2 2 . 9  2 0 . 3  8 . 4  0 . 0  1 . 0  0 . 0  2 . 3  0 . 0  5 . 8  0 . 0  
2 2 . 9 1 8 . 8 1 7 . 0 1 2 . 2 4 . 3 4 . 1 1 6 . 8 2 2 . 6 2 0 . 6 2 3 . 9 2 3 . 1 2 1 . 8 8 . 6 0 . 0 1 . 0 0 . 0 2 . 3 0 . 0 6 . 6 0 . 0 
0 . 0  
0 .  0 
4 . 3  4 . 8  ( 55 . 8) 
( 2 4 .  3) 
( 3 8 .  2)  
( 4 0 .  5) 
8 . 4 ( 2 06 . 3) 
8 . 6 ( 235. 2) 
SEPTEMBER a 
b 
8 . 6  o . o  0 . 0  6 . 3  0 . 3 7 . 6  1 0 . 9  5 . 1  2 . 0  1 0 . 2  l . 3  6 . 3  1 . 0  0 . 0  1 0 . 2 2 2 . 4  39 . 1  2 8 . 4  3 . 0  o . o  o . o  o . o  5 . 8  2 . 3  1 5 . 2  ( 1 86 . 0 ) 
8. 1 0 . 0 0 . 0 6 . 9 0 . 3 7 . 6 1 0 . 9 5 . 1 2 . 5  1 0 . 4 1 . 3 6 . 3 0 . 8 0 . 0 1 0 . 4 24 . 1 42 . 2 29 . 7 3 . 0 0 . 0 0 . 0 0 . 0 5. 8 3 . 8 1 4 . 7 ( 1 9 3. 9 ) 
OCTOBER a 1 6 . 5 3 . 6  8 . 4  7 . 9  0 . 0  0 . 0  0 . 3  1 . 0  7 . 1 1 3 . 0  2 1 . 1 9 . 1  
b 1 6 . 8 3 . 6 8 . 6 7 . 9 o . o 0 . 0  0 . 5 1 . 0 7 . 1 1 4 . 0 2 1 . 6 9 . 1 
0 . 3  1 1 . 9  ( 1 00 . 2 )  
0 . 8 1 1 . 9 (1 0 2 . 9 ) 
... ... 
Month 10 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  2 4  2 5  2 6  2 7  2 8  2 9  3 0  3 1  t o t a l  
NOVEMBER a 2 3 . l 9 . 7 5 . 1 4 . 6 2 . 5  42 . 4  1 . 5  3 . 3 4 . 3  3 . 8 0 . 0  1 1 . 9  9 . 1  0 . 0  0 . 0  4 . 3  3 . 6  1 0 . 9 1 1 . 7 1 4 . 5  0 . 0  2 . 5  1 0 . 7 2 . 8  2 3 . 9  1 5 . 5  1 9 . l 1 . 3  0 . 5  0 . 5  2 4 3 . l 
b 2 3 . 6 1 0 . 2 5 . 1 3 . 3 3. 0 45 . 5  1 . 5  3 . 6 4 . 6 4 . 1  0 . 0 1 1 . 9  9 . 1 0 . 0 0 . 0 4 . 6 3 . 8 1 0 . 9 1 1 . 9 1 .1 . 2 o . o 2. 5 1 1 . 7 2 . 8 2 4 . 4 1 5 . 5 1 9 . 1 1 . 5 0 . 8 0 . 5 250. 7 
DECEMBER a 9 . 1  35 . 3  8 . 6  1 . 0  1 9 . l  1 2 .  7 1 3 . 5  1 1 . 4  0 . 8 0 . 5 5 0 . 8 2 . 0  9 . 4  1 6 . 8  2 . 0  9 7 . 3 6 . 9  --- 4 4 .  7 1 . 0  1 1 . 2  4 . 1 1 8 . 3 20 . 8  0 . 5  0 . 0  
b 9 . 7 36 . 6 1 0 . 9 1 . 0 1 9 . 1 1 2 . 7 1 3 . 5 1 1 . 4 0 . 8 0 . 5 50. 8 2. 0 9 . 7 1 8 . 8 2 . 0 100 . 3 7 . 4 --- 50. 8 0 . 8 1 0 . 9 4 . 1  1 8. 5 19 . 6 0 . 5 0 . 0 
39 7 .  8 
4 1 2 .  4 
1 969 
JANUARY a 24 . 6  4 . 6  1 6 . 0  1 7 . 8  1 0 . 7 32 . 8  3 6 . 8 20 . 3  20 . l  1 . 0  5 . 6 1 7 . 0  9 . 1  7 . 4  4 . 6  8 . 1  2 . 3  2 3 . 6 20 . 6  0 . 0 5 . 1 7 . 9  8 . 4  4 0 . 6 0 . 3  1 5 . 5  3 . 8 (364 . 6 )  
b 2 4 . 6 4 . 6  1 6 . 3 1 8 . 0 1 1 . 7 34. 3 39 . 4  2 1 . 8 1 9 . 8 1 . 3 6 . 6 1 8 . 5 8 . 1 6 . 9 4 . 8 8 . 6 3 . 8 26 . 2 19 . 6 0 . 0 7 . 1 7. 6 8. 6 43 . 2 0 . 3 1 5 . 5 3 . 8 (381 . 0 )  
MAY a 4 . 6  1 7 . 3 1 5 . 6  5 . 1 3 . 8  0 . 5  0 . 0  ( 46 . 9 ) 
JUNE 
JULY 
AUGUST 
a 1 . 0 4 . 8  1 0 . 2  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  4 . 8  0 . 0  0 . 0  1 . 0 0 . 0  0 . 5  1 2 . 4 9 . 7  0 . 5 2 . 5  0 . 0  1 . 5  0 . 5 0 . 0 1 . 0  7 . 9  2 1 . l 1 . 5  O . O  7 . 1  2 . 0  0 . 0  9 0 .  3 
a -- 2 1 . 8  3 . 8 4 . 6  1 . 3  0 . 0  9 .  7 0 . 0  0 . 0  1 . 0  5 . 3  1 . 0 0 . 3 3 3 . 8  1 . 0  --------------- 2 0 . 6  --- 4 . 6  1 1 . 9  0 . 0  --- 1 . 0  1 2 1 .  7 
a -- 1 9 . 8  0 . 8  0 . 8  0 . 5  29 . 2  0 . 5  -------- 4 . 6 o . o  1 . 5  o . o  0 . 0  0 . 0  0 . 0  1 0 .  7 ----- 4. 6 0 . 0 0 .  5 
------------------
( 7 3 .  5)  
SEPT EMBER a ----- 2 5 . 9  o . o 1 . 3  6 . 9  2 . 0  0 . 8 1 5 . 5  0 . 5  2 . 3  4 . 6  1 0 .  7 3 7 . l 2 . 5  2 7 .  7 5 . 3 2 . 0  4 . 3 --- 69 . 3  ------- 40 . 9  --------- 2 5 .  l -- ( 2 8 4 .  7)  
OCTOBER a -- 49 . 5  2 0 . 6 25 . 9  0 . 0  8 . 6 2 . 3  1 . 0  0 . 0  2 2 . 6  0 . 5 5 . 3 2 1 . 8  4 . 1 8 . 9  1 . 5  1 0 . 7  0 . 3 0 . 0  0 . 5  1 6 . 3 7 . 6  4 . 6  8 . 1 1 0 . 2 1 . 8  35 . 6  ( 26 8 . 3) 
NOVEMBER a 2 3 . 6  6 . 9  0 . 5  0 . 0  0 . 0  4 . 3  - - - ( 35 . 3) 
1 9 7 0  
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
a 
b 
2 . 5  o . o  o . o  0 . 8 3 . 8  0 . 0  1 . 3  1 0 . 5  0 . 0  3 . 8  22 . 7  8 . 4  0 . 0  o . o  0 . 0  4 . 1 7 . 1 7 . 4 2 . 1 3 1 . 8  1 . 8  1 6 . 8  1 0 . 7 2 . 5  46 . 5  ( 1 8 4 .  6 )  
( 1 84 .  9 )  1 . 6 1 0 . 7 0 . 3 4 . 1 2 2 . 7 8. 4 0 . 0 0 . 0 0 . 0 4 . 3 6 . 9 8 . 1 2 . 5 33. 5 1 . 8 1 6 . 8 1 0 . 9 2 . 5 49 . 8  
a 1 6 . 0  3 1 . 8  1 3 . 5  0 . 5  35 . 8  1 0 . 7 0 . 0  2 . 8  0 . 0  1 . 8  2 4 . 1  7 . 4  7 3 . 4  0 . 3  
b 1 6 . 3 33 . 5 1 5 . 2 1 . 0  38. l 1 1 . 9  0 . 0 3 . 0 0 . 0 2 . 0 25 . 4 7 . 9 79. 8 0 . 5 
a 3 . 8  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  2 5 . l 6 . 1 2 7 . 7  0 . 0  0 . 0  1 1 . 2  1 . 5  0 . 8  0 . 0  0 . 3 0 . 0  0 . 0  4 . 3  5 . 8  9 . 1  0 . 0  0 . 0  0 . 0  
b 4 . 1 o . o 0 . 0 0 . 3 0 . 0 0 . 0 26. 2 6 . 9 3 2 . 0 0 . 0 0 . 0 1 1 . 9  1 . 8 1 . 0  0 . 3 0 . 3 0 . 0 0 . 0 5 . 1 6 . 4 9 .  7 0 . 0 0 . 0 0 . 0 
0 . 0  1 . 0  7 . 1  8 . 9  1 . 0  3 . 0  0 . 0  2 39 . l 
0 . 0 1 . 3 7 . 4 7 . 1 1 . 3 3 . 6  0 . 0 255. 3 
0 . 0  0 . 0  0 . 0  1 . 0  8 . 4  6 . 6  
0 . 0 0 . 0 o . o 1 . 0  8 . 9 6 . 9 
1 1 2 . 0  
122 .  7 
a 0 . 0  1 9 . 3 0 . 3  0 . 8 6 . 4  0 . 5 1 2 . 4  3 . 3  1 . 3  2 . 0  4 . 1  3 . 6  0 . 8  0 . 3  2 . 8  5 . 3 6 . 4  1 7 . 3 0 . 5  1 3 . 5 --------
b 0 . 0 20 . 6 0 . 3 0 . 8 6 . 6 0 . 8 1 2 . 4 3 . 0  1 . 3 2 . 3 4 . 1 3 . 6 0 . 8 0 . 3 2 . 8 5 . 3 6 . 6 1 7 . 5 0 . 5 1 4 . 0 ------
0 . 3  o . o  6 . 1  1 0 7 . 3  
0 . 3 o . o 6 . 9 1 1 0 . 8 
a 2 . 3  0 . 5  0 . 8  5 . 8 0 . 0  0 . 0  0 . 0  4 . 1 0 . 0  0 . 0  1 . 5  0 . 0  1 6 . 3  0 . 0  0 . 0  
b 3 . 3 0 . 5 1 . 0 6 . 1 o . o 0 . 0 0 . 0 4 . 6 0 . 0 0 . 0 1 . 8 0 . 0 1 7 . 3  0 . 0 0 . 0  
4 . 6  5 . 3  0 . 5 6 . 6  2 1 . 3  0 . 3  0 . 0  69 . 9  
4 . 8 6 . 1 0 . 8 7 . 9  2 3 . 1 0 . 3 0 . 3 7 7 . 9 
SEPTEMBER a 0 . 0  1 6 . 3 0 . 5  l . 3  6 . 9  0 . 0  1 . 0  0 . 0  4 . 3 40 . 9  0 . 0  0 . 0  0 . 0  1 . 5  0 . 3  9 . 4  1 4 . 7  4 . 3  3 . 8  8 . 4  8 . 1 5 . 3  2 . 3  3 . 6  2 . 3  0 . 3 1 . 0  1 . 0  o . o  7 . 4  1 44 . 9  
1 5 3 .  8 b o . o 1 6 . 3 0 . 8 1 . 8 8. 1 0 . 3 1 . 0  0 . 0  4 . 6 4 2 . 9 0 . 0 0 . 3 o . o 1 . 5  0 . 3 9 . 9 1 6. 8 4 . 3 3 . 8 8. 4 8 . 6 5 . 3 2 . 8 3 . 8 
OCTOBER a 5 . 3  7 . 9  4 . 6 0 . 3 0 . 0  1 9 . 1 1 4 . 7 9 . 7  1 6 . 5  1 4 . 5  4 1 . 7 
b 5 . 6  7 . 9  5 . 1 0 . 3 0 . 0 1 7. 3  1 5 . 2 1 0 . 9 1 7 . 3 1 5 . 5 4 4 . 2 
NOVEMBER a 
b 
DECEMBER a 0 .  5 0 . 0  2 3 . 4  
b 0 . 5 0 . 0 2 3 . 6 
1 . 5  0 . 0  0 . 3  3 . 0  0 . 3  0 . 5  1 4 . 0  7 . 1  10 . 9  1 8 . 0  1 1 . 9  0 . 5  ------------
1. 8 0 . 0 0 . 3 3 . 0 0 . 3 0 . 5 1 4 . 7 8 . 1 1 2 . 2 1 7 . 5  1 3 . 0 0 . 8 ----------
2 . 3 0 . 5 1 . 0  1 . 0  o . o 7 . 4 
6 2 . 7  5 . 3 5 . 8  2 5 . 7  4 1 . 9  1 . 3  
70. 4 5 . 8 6 . 6 25 . 1 4 3 . 4 1 . 5 
- ( 1 3 4 .  3)  
( 1 39 .  3) 
- ( 2 1 0 .  7) 
( 225.  0)  
( 2 3 . 9) 
(24 . 1 )  
-.J 
"' 
Month 3 4 
a 
8 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  24 
9 . 9  3 0 . 5 5 . 6  0 . 5  4 . 1 80 . 5  1 8 . 8 5 . 1 5 . 1 36 . 1 2 3 . 1 4 8 . 3 
2 5  26 27 28 2 9  30 3 1  total 
l . 3  0 . 8  2 4 . 9 9 . 7  24 . 4  2 . 3  
.!ill. 
APRIL 
MAY a 6 . 6  l . O  1 7 . 3  4 . 6 2 6 . 4 0 . 8  
(3 3 1 . 0 ) 
(5 6 .  7 )  
AUGUST a 
SEPTEMBER a 
OCTOBER a 
.!lli_ 
APRIL a 
MAY a 
JUNE a 
JULY a 
AUGUST a 
SEPTEMBER a 
7 . 1  
1 4 . 2 
1 4 . 5 
0 . 0  
o . o  
0 . 0  
o .  3 
1 1 . 9  9 . 1 0 . 0  2 . 3  1 1 . 4  22 . 9  
4 . 3 2 1 . 6  2 1 . 8  2 9 . 7 3 7 . 8  2 3 . 1 
2 .  5 
2 1 . 8  1 3 . 5 
3 . 3  20 . 1 2 . 8 0 . 0  
3 . 6  --- l . 3  0 . 3  
1 1 . 4  0 . 0  2 . 3  32 . 8  
o . o  o . o  1 1 . 4  2 0 . 8 2 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1 0 .  9 
o . o  
0 . 0  
o . o 
o . o  
1 9 . 1 
0 . 0  
3 . 3 
0 . 0  
0 . 0  
4 . 3  
0 . 0  
3 . 8  
0 . 0  
o . o  
4 .  6 
o . o  
4 . 1  
0 . 0  
0 . 3  
0 . 8  
o . o  o . o  1 . 3  o . o  0 . 3  0 . 0  0 . 0  o . o  
0 . 5 ----- 6 . 4  --- 24 . 6  0 . 5 o . o  
1 9  . 1  
3 .  6 
0 . 3  
6 . 4  
0 . 0  
0 . 3  
0 . 0  
1 0 . 4 
o . o  
0 . 3  
0 . 0  o . o  o . o  0 . 0  0 . 0  0 . 0  
1 . 0  --- 3 . 8  2 4 . 1 2 5 . 9  7 . 5  
o . o  
1 5 . 0  
0 . 8  
1 3 .  7 
2 2 .  6 
o . o  
7 . 1  
1 . 5  
o . o  
o . o  
0 . 3  
0 . 0  
0 . 0  
0 . 0  
o . o  
0 . 0  
0 . 0  
0 . 0  --- 1 0 . 2 0 . 0  0 . 0  0 . 0  l . O  l . 8  2 3 . 4  ( 36 . 4 ) 
9 .  9 7 . 1  ------------ 1 5 . 2  26 . 4  2 2 . 4  2o i. 5 
0 . 0 ----- 2 2 . 4  1 0 .  7 2 1 . 6  2 8 . 4 2 . 5  3 . 0  
o .  3 4 . 1 
o. 3 2 . 0  
0 . 3  2 2 . 4  
0 . 0  0 .  3 
2 . 3  36 . 3  2 7 . 9  2 5 . 4  3 . 8 0 . 5  o . o  
2 . 8  0 . 3  2 . 3  1 . 0  0 . 3  0 . 3  0 . 3  
1 7 . 3 2 6 . 7 3 . 8  1 4 . 7 0 . 8  0 . 0  0 . 0  
l . 3  5 . 6  2 . 0  0 . 0  2 3 . 9 
2 . 8 --- 3 8 . l 5 8 . 4 
o . o  0 . 0  o . o  0 . 0  
o . o  l . 8  0 . 8  0 . 0  
o . o  0 . 0  o . o  o . o  
1 . 5  --- 24 . 9  1 . 3  
( 2 26 . 0 ) 
(2 2 0 .  7 ) 
o . o  2 1 7 . 7  
1 4 .  1 
0 . 0  1 4 2 .  7 
2 . 3  6 4 . 6 
( 7 3 . 9 ) 
a = Pindaunde S tation , main s i t e ; b "" P indaunde , evapo trans p i ra t i on s i te located 5 0m north of "a" 
.... 
"' 
The series of monographs of which this volume is the 
fourth provides a means of publication for work arising 
from the Department of Biogeography and Geomorphol­
ogy at the Australian National University, Canberra. 
These monographs are generally unsuitable for journal 
articles because of the need to include in them large 
amounts of basic data, extended expositions, or related 
material from a number of disciplines. 
Volumes concerned with Mt Wilhelm in Papua New 
Guinea, are included in Mt Wilhelm Studies within the 
Series. A photograph of Mt Wilhilm taken from near the 
Lower Pindaunde Lake by G.S. Hope in 1970 forms the 
backdrop to the front cover of the volume. 
Other titles in the Series are: 
BG/ 1 1969 
BG/2 1970 
B G/3 1972 
Mt Wilhelm Studies I: The Alpine 
and Sub-Alpine Vegetation, 
L.K. Wade and D.N. Mc Vean $A3.50 
Secondary Plant Succession in 
Tropical Montane Mindanao 
M.C. Kellman $A4.95 
Bridge & Barrier: The Natural and 
Cultural History of Torres Strait 
D. Walker (Editor) $A9.50 
Readers may be interested in the following titles from the 
now discontinued Department of Geography Publications 
series: 
G/ 1 1965 
G/3 1966 
G/5 1968 
G/6 1968 
A Geomorphological Study of the 
G ippsland Lakes 
E.C.F. Bird (out of print) 
Rainfall in the Tropical South-West 
Pacific 
H.C. Brookf£eld and Doreen Hart 
$A3.95 
Contributions to the Study of Karst 
P. W. Williams and ].N. Jennings 
$A3.95 
The Blockfields of Northeastern 
Tasmania 
N. Caine $A3.95 
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